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ABSTRACT 
The patient safety priority is essential for health care organizations to 
continue to effectively care for their communities and fulfill their mission. Despite 
the decades of attention to patient safety, however, ongoing action and research 
has resulted in little overall reduction in the rate of harm. This leaves significant 
opportunity for dramatically improving what we know and what we do about 
delivering safer care. The purpose of this study, therefore, was to apply fresh 
thinking about antecedents to safe care in an exploration of the relationship 
between social network structure and safety climate in acute care clinical work 
settings. 
The sample for this secondary analysis consisted of 334 individuals 
nested within seven acute care clinical work settings within five hospitals derived 
from survey data collected in May through June 2013. The approach was a 
retrospective cross-sectional quantitative study that examined individual and 
group level social network properties and perceptions of teamwork climate and 
safety climate. Other covariates included caregiver type, gender, usual shift, and 
years worked in their clinical setting.  
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Complex adaptive systems theory informed the hypothesized relationship 
of a positive association between individual network centrality and group density 
and perceptions of teamwork climate and safety climate. Multilevel modeling was 
used to explore and confirm the relationship as influenced by the nested nature 
of the individuals within the clinical work settings.   
A significant positive association was found between the individual 
network centrality metric of integration and perceptions of teamwork climate. 
There was also a significant positive association between individual integration 
and perceptions of safety climate. No significant association was found between 
group level density and perceptions of teamwork climate or safety climate. The 
small number of clinical work settings in the sample required substantial caution 
when interpreting study findings. 
These results provide new knowledge about how social interactions and 
clinical team network structure can be understood and adapted to achieve goals 
of safer care. Future research on the contribution of social network theory and 
complex adaptive systems to advance safer care is recommended. 
 
The form and content of this abstract are approved. I recommend its 
publication. 
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…It has become necessary to develop medicine as a cooperative science; 
the clinician, the specialist, and the laboratory workers uniting for the good 
of the patient, each assisting in elucidation of the problem at hand, and 
each dependent upon the other for support - William J. Mayo, 
Commencement speech at Rush Medical College, 1910 (Weaver et al., 
2014). 
 
Patient safety has become a core value in leading health care 
organizations. Patients expect to be safe when they are under the care of 
providers, just as patients also expect safe, timely, effective, efficient, equitable, 
and patient-centered care. Indeed, these six aspects of patient care are outlined 
by the Institute of Medicine (IOM) in their 2001 report “Crossing the Quality 
Chasm: Building a New Health System for the 21st Century.” Since the release of 
the even earlier IOM landmark study “To Err is Human” (Kohn, Corrigan, & 
Donaldson, 2000), the concept of a culture of safety aimed at reducing the risk of 
harm to patients has moved front and center in the health care sphere.  
The decade of the 2000s demonstrated increased attention to the idea 
that organizational culture in health care is strongly influenced by its leaders and 
their degree of engagement in patient safety efforts (Krause & Hidley, 2008). 
Leadership behaviors influence the attitudes and behaviors of employees within 
an organization, and the aggregated attitudes and behaviors of an organization 
eventually become the cornerstone of that organization’s operational culture. An 
organization’s operational culture supports certain behaviors through the 
approach taken to reward or punish said behaviors. Rewards can be seen in 
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such actions as career advancement, inclusion in certain meetings or 
conversations, or even public recognition for a job well done. In contrast, 
punishments for behaviors that lie at odds with an organization’s cultural norms 
can be as severe as termination of employment or as simple as a person being 
ostracized and excluded from important discussions or meetings. Certain 
behaviors within an organizational culture that become established as norms will 
produce a certain type of result for the organization. In terms of patient safety, 
the best case scenario would be a leader who actively promotes patient safety, 
places patient safety as a top priority on agendas, is actively involved with staff 
and families when an adverse event occurs, measures and tracks the level of 
harm that occurs within the organization, and personally takes responsibility 
when something goes wrong (Denham, 2006; Conway et al., 2006; Crowley & 
Deen, 2009; Conway, Federico, Stewart, & Campbell, 2010).  
In order to establish an organizational culture that promotes consistent 
and reliable behaviors among health care professionals while also supporting 
safe practices, research has shown that a number of important factors must be in 
place. These factors include leadership, teamwork, communication, continuous 
learning, evidence-based practice, justice, and patient-centeredness (Sammer, 
Lykens, Singh, Mains, & Lackan, 2010). The concepts described by Sammer and 
her colleagues through their systematic review of the literature also emphasize 
the need for transparency in the reporting of errors and adverse events. 
Undertaking these actions facilitates the processes of transferring knowledge, 
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learning, improving, instilling trust, and increasing a sense of psychological safety 
for anyone to speak up or voice a concern.  
In its 2003 interim report to the Senate Committee on Appropriations, the 
Agency for Health Care Research and Quality (AHRQ) stated that medical errors 
which lead to patient harm are caused by several factors. These include 
communication problems due to inadequate information flow and organizational 
transfer of knowledge; ineffective staffing patterns and workflow; and equipment 
failures. The findings of the AHRQ report were presented as a way to respond to 
the objectives of the initial IOM report (1999). The IOM report stated that 
Congress should work with the AHRQ to establish a Center for Patient Safety as 
a way to set national goals for patient safety while also developing a research 
agenda that would expand understanding of the factors which contribute to 
medical errors. In 2001, AHRQ received a 50 million dollar appropriation to build 
its Patient Safety Center. With this funding, AHRQ became the world’s largest 
sponsor of patient safety research. It quickly launched a call for proposals to help 
meet the goals of its initiative, which resulted in the formation of the Patient 
Safety Demonstration Project. The project granted 16 awards in 2001 for 
research related to identifying the causes of medical errors, devising effective 
measurement of harm, and developing technology to promote patient safety. The 
distribution of the 16 grant projects resulted in a broad portfolio of findings related 
to errors in health care that became the cornerstone of our national patient safety 
agenda.   
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As awareness and understanding about the scope of patient harm 
broadened, the federal government took action to incentivize health care 
organizations to make a meaningful and measurable difference in care delivery 
and patient outcomes. In July 2008, the Centers for Medicare and Medicaid 
Services established payment penalties for 10 hospital-acquired conditions 
considered reasonably preventable through consistent application of evidence-
based guidelines. Most of these identified hospital-acquired conditions are due to 
either events that cause harm or complications of care, such as health care-
acquired infections, patient falls with injury and hospital-acquired pressure ulcers. 
The payment penalties went into effect October 2008, and by the release of the 
Inpatient Prospective Payment System Final Rule for FY 2013 there were 14 
categories of conditions on the list (http://www.cms.gov/HospitalAcqCond). The 
list of non-payment conditions was expected to grow (D. Classen, MD, personal 
communication, November 29, 2012).  
The Partnership for Patients, another national initiative designed to 
motivate health care organizations to reduce harm, was launched in 2011. 
Through this initiative, the Centers for Medicare and Medicaid Services set lofty 
aims for the country in terms of reducing harm across all 10 hospital-acquired 
conditions by 40% over three years. The Partnership for Patients also targeted 
reducing preventable readmissions by 20% in this same time period. Although 
participation was initially voluntary, it is anticipated that more rigorous incentives 
to contribute to achieving these goals will eventually be put in place. Such 
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incentives are more than likely to be connected to reimbursement for health care 
services (D. Classen, MD, personal communication, September, 2012). The 
initial Partnership for Patients initiative since expanded into additional focus 
areas through a project titled LEAPT, which was launched in early 2014. LEAPT 
was designed to target intractable issues closely related to the original 10 
hospital-acquired conditions while also broadening the scope of opportunity to 
reduce harm. The areas of focus within LEAPT include delirium, perinatal safety, 
and the culture of safety for workers and patients, among others. At the time of 
this research study, LEAPT was still in the implementation phase and the original 
goals of the Partnership for Patients initiative had not been met although notable 
progress was demonstrated. The engagement networks were also instructed by 
the Centers for Medicare and Medicaid Services to add two key strategies to 
their work, which included attention to the role of leadership, and attention to 
organizational culture. This again points to the critical nature of building the 
knowledge and understanding within organizations to lead safety through cultural 
change and effective leadership (Botwinick, Bisognano, & Haraden, 2006).  
Statement of the Problem 
Based on the progress we have made to date, or frankly, the lack thereof; 
there remains significant opportunity for dramatically improving what we know 
and what we do about delivering safer care. Inarguably, providing safe care is an 
imperative for health care organizations' reputation, market share, and 
reimbursement. The patient safety priority is essential for any health care 
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organization to continue to effectively care for its community and successfully 
fulfill its mission. Despite the decades of attention to patient safety, however, 
ongoing research and action has resulted in little overall reduction in the rate of 
harm (Buerhaus, 2007; Classen et al., 2011). This is due in part to the fact that 
health care represents a very complex system. Approaches to accurately and 
effectively measure and understand the scope of harm are still evolving even 
today (D. Classen, MD, personal communication, November 29, 2012). 
Significant and sustained gains in patient safety through traditional approaches to 
process improvement continue to be elusive, or at least agonizingly slow 
(Dentzer, 2011). Forward thinking leaders have come to realize that in order to 
make the substantial and sustainable changes that are required, a willingness to 
explore new ways of looking at, understanding, and doing things is also 
essential. Not unlike Henry Ford (1863-1947) described so many years ago, “if 
you always do what you’ve always done, you’ll always get what you’ve always 
got.”  
In a similar manner, Paul Plsek (2001) more recently described the need 
for transformational change in terms of redesigning health care with insights from 
the science of complex adaptive systems. The complex adaptive systems 
framework embraces the unpredictability, creativity, and emergence of new ideas 
and behaviors in a way that historically was not considered in most improvement 
work (Plsek, 2001; Brown et al., 2006; Van Beurden, 2013). Around this same 
time, a re-emergence of the social science perspective on behavior has been 
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inspired by the context for action set forth by the IOM and the many clinician 
scientists and advocates that strive to improve the structures and processes that 
support patient safety and optimal delivery of care (Cummings, Estabrooks, 
Midodzi, Wallin, & Hayduk, 2007; Braithwaite, Runciman, & Merry, 2009). This 
perspective on behavior in the health care setting brought with it the notion of 
context. In other words, the context in which health care is delivered could help 
shed light on the understanding and could prove key to significantly changing 
and improving said care (Weick & Roberts, 1993). Context is defined by Merriam-
Webster Online as “the parts of a discourse that surround a word or passage and 
can throw light on its meaning; the interrelated conditions in which something 
exists or occurs.” By definition, then, context influences communication, 
interactions, the transfer of ideas, the transfer of knowledge, and ultimately team 
performance (Reagans & McEvily, 2003). The idea of considering teams within 
their context reflects the oft-cited “culture is local” perspective that is foundational 
to the work of J. Bryan Sexton, PhD (2006) and Peter Pronovost, MD (2008), 
among others.  
Teamwork and team behaviors are important to improving patient safety 
(Manser, 2009; Young-Xu et al., 2011). There is extensive literature describing 
team behaviors and the relationship team behavior has to patient safety, safety 
climate, and patient outcomes (Edmondson, 2003; Cohen, Ptaskiewicz, & Mipos, 
2010; DePalo et al., 2010). Methods for team training have been popularized 
through crew resource management methods (Helmreich, Merritt, & Wilhelm, 
8 
 
1999), MedTeams (Morey et al., 2002), and other models for teaching team 
behaviors (Forse, Bramble, & McQuillan, 2011). More recently, mounting 
evidence has demonstrated the effectiveness of team training (AHRQ, 2005). It 
has been noted that effectiveness in training depends on its duration and 
intensity, as well as an organization’s underlying safety culture (AHRQ, 2013). 
Again, the concept of safety culture has been associated with teams and 
effectiveness. Safety culture is also dependent on leadership behaviors, 
organizational commitment to patient safety (Sexton et al., 2006), and individual 
attitudes (Krause & Ridley, 2011). The literature suggests some interesting 
questions about the influence of teamwork on patient safety (Langford & Rollins, 
2007), especially when considering that teams increasingly rely on 
communication for effective functioning.   
Overall, researchers in this area have consistently identified the following 
elements as central to advancing patient safety and influencing a culture that 
promotes safer care delivery: leadership, teamwork, communication, and the 
fundamental need for more creative and transformational change. It is within this 
paradigm that this study was envisioned. 
Purpose of the Study 
The purpose of this study, therefore, was to apply fresh thinking about the 
nature of team-based social interactions as a dynamic and influential factor in 
teamwork and team outcomes within complex acute care clinical work settings in 
the health care sphere. Tapping into the construct of social practice in highly 
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complex work settings within the health care industry will elicit new ideas for 
improvement. Interaction patterns measured in the form of social network 
structure and properties are newer methods for assessing communication than 
previously used in health care. Typical surveys have traditionally assessed 
individual perceptions, attitudes, opinions, and ascribed a score to the degree of 
agreement expressed by that individual. In contrast, social network surveys ask 
an individual respondent about their interactions or relationships. In this manner, 
scores that are associated with an individual actually represent interactions or 
relationships that someone else associated them with. Together, these 
complementary views of the team obtained through both the traditional and social 
network survey approaches provide greater insight than either on its own. 
Traditional team communication strategies focus on standardized 
communication tools and techniques (Awad et al., 2005) such as SBAR, which 
presents a brief summary of the Situation, Background, Assessment, and 
Recommendation (hence the acronym SBAR). SBAR is generally used for 
communication and standard handover language and terms to reduce the risk of 
missing critical patient information (Leonard, Frankel, Simmonds, & Vega, 2004). 
As learned from complex adaptive systems theory (Plsek, 2001), standardized or 
mechanistic approaches are not sufficient solutions. In dynamic environments 
like health care settings, teamwork is likely a function of more complex social 
phenomena. From this perspective, one might wonder if a better understanding 
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of social interactions in health care teams could contribute to more effective 
intervention design to influence attitudes and behaviors related to patient safety.  
This study emerges out of this perspective by utilizing a novel approach to 
scientifically confirm the connection between the social practice of health care 
through the nature of social interactions within teams, and the resulting 
perceptions, attitudes and behaviors that influence safe patient outcomes. This 
approach is important because perceptions and attitudes are antecedents to 
behavior (Neal & Griffin, 2006; Zohar & Tenne-Gazit, 2008). As previously 
described by Krause and Hidley (2011), attitudes predict behavior and action. In 
turn, the kind of action that becomes the norm for any given team subsequently 
determines the results consistently achieved (Olsen, 2010). The kind of results 
consistently achieved by teams contributes to the organizational results. 
The design of this study was built within the framework of a larger 
strategic effort for advancing safer care delivery in a health care system that 
included a routine assessment of safety culture and action on results. This 
routine cultural asessment process of the health care system was expanded to 
provide an option for participation in a social network survey alongside an 
abbreviated version of the culture survey as an interim tactic for measurement of 
progress and focused patient safety improvement. The standard high level work 
setting item and domain score results were provided back to the health care 
system teams for debriefing, local interpretation, and development of data-driven 
plans of action.  
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The specific contribution to this study, then, was the fortunate opportunity 
for this researcher to gain acccess to these two separate data sets once de-
identified for a secondary investigational study to determine the existence of any 
explanatory relationship between individual social interactions and perceptions of 
teamwork climate and safety climate. The specific objective was to scientifically 
explore the combined survey data sets at the individual and work setting level to 
inform the researcher’s analysis of a relationship between the perception of 
teamwork climate, safety climate, and social network positions within the clinical 
teams that chose to participate. This kind of analysis has not been cited in the 
literature to date, and will therefore contribute to the general knowledge in 
several fields of study, including health care quality improvement, patient safety 
and social network science.  
Definition of Terms 
Complex Adaptive Systems 
Definitions of a complex adaptive system are rooted in social science, 
health care, and mechanistic studies. A complex adaptive system is comprised of 
diverse agents that act in nonlinear ways, generating uncertainty and 
unpredictability, contributing to a dynamic and ever-changing adaptive 
environment (Plsek, 2001). Grounded in a systems theory viewpoint of health 
care organizations as indivisible dynamic wholes with interrelated parts, the 
concept of complex adaptive systems emphasizes the role of relationships and 
interdependencies in achieving outcomes. These relationships influenced sense-
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making (process by which people gave meaning to experience), learning 
(acquiring new knowledge, behaviors, skills, values, preferences), and self-
organization (situation where local interactions give rise to new patterns of 
organizing), all of which are key properties that define complex adaptive systems 
(Jordan et al., 2009).  
Social Networks 
The basic definition of a social network is a patterned social arrangement 
comprised of actors (i.e., individuals, groups, or organizations) and the 
interactions or relationships among them. Bardach (1994) suggests a definition 
that conveys a more active role for the network through his description of a “set 
of self-organizing working relationships among actors such that any relationship 
has the potential both to elicit action and to communicate information in an 
efficient manner” (p. 4). In this light, potency of the network lies in the capacity to 
organize relationships and transmit information effectively. Detailed definitions for 
the various attributes and properties of social networks are included in Table 1.1. 
Social Network Analysis 
The premise of social network analysis is that interactions, connections, or 
relationships among, within, and between actors influenced behavior above and 
beyond the individual’s characteristics alone (Valente, 2010). Social network 
analysis is a theoretical view and evaluation method that examines the structure 
of these social patterns with the objective of uncovering and understanding social 
patterns or relationships to explain behavior. The process utilizes a display of the 
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connections using mathematics and visualization (Hoppe & Reinalt, 2010). 
Nodes in a network map are the actors. The links are the relationships and they 
reflect communication, influence, awareness, trust and decision-making. There 
are numerous descriptors used for the attributes and structures of a social 
network, which are dependent on the unit of analysis. The individual level of 
analysis focuses on centrality, or the closeness to task-related resources and 
knowledge about one’s work environment. Within the construct of individual 
centrality are multiple types, including betweenness, closeness, indegree 
centrality, outdegree centrality, integration, and radiality; the type is determined 
by the direction of the links between the nodes and other various calculation 
factors. The group level of analysis examines network density, centralization, 
average path length, and clustering coefficient. Structural attributes also assess 
core and periphery relationships, and the overall degree to which nodes are 
engaged in the network.  
Teamwork 
Teams are described as groups of individuals working together toward a 
common objective or goal (Kozlowski & Ilgen, 2006). The work of teams is 
traditionally explained through systems theory language as consisting of the 
team inputs, processes, and outputs. The teamwork aspect is considered to be 
within the process phase; in other words, teams work collaboratively to achieve 
the desired output (Katzenbach & Smith, 1993; Kratzer, Leenders, & Van 
Engelen, 2009). Specific attributes that promote teamwork included open and 
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effective communication, mutual support, trust, and accountability (AHRQ, 2005). 
Effective teamwork requires skill in communication and collaboration within the 
team. Systematic methods for refining the skills of communication, coordination, 
and collaboration within health care teams have evolved from other types of 
industry, including aviation and military training methods (Weaver et al., 2014). In 
health care, the concepts of team and teamwork are emphasized as critical to 
ensuring safe care (National Research Council, 2001). 
Safety Climate 
Organizational culture as it pertained to patient safety as a construct is 
described as encompassing “attitudes, beliefs, and perceptions shared by natural 
groups as defining norms and values, which determine how they react in relation 
to risks and risk control systems” (Hale, 2000, p. 7). A robust safety culture is 
said to mitigate some of the inherent fallibility of organizational safety systems. 
Culture is characterized as “deep,” “stable,” “broad,” and “slow to change” (Hale, 
2000). The term climate is commonly used interchangeably with culture in the 
patient safety literature. Climate is actually a subset of the broader safety culture 
and is defined as “shared perceptions of the employees concerning the practices, 
procedures, and the kind of behaviors that get rewarded, supported, and 
expected in a setting” (Schneider, 1990, p. 384). Safety climate is characterized 
as “temporal,” “shallow,” or “expressed,” and is more amenable to intervention 




Table 1.1. Network Terms and Definitions 
Network Term  Definition 
Actor or Node Individual in the network. 
Average Path Length 
(APL) 
Average of the distances between all the nodes in a network; 
a smaller APL indicates a cohesive network. 
Centrality Degree to which a node is the center of a network. 
Betweeness 
Centrality  
Number of times the node acts as a bridge along the shortest 
path between two other nodes; measure of strategic position 
and control a node has on communication between others.  
Closeness 
Centrality  
The more central a node is, the shorter the distance between 
all other nodes in a network; a measure of the speed at which 




Number of ties a node has in the network. In a directed 
network, indegree centrality is the number of ties directed to 
the node and may represent “popularity,” while outdegree 
centrality is the number of ties directed away from the node 
and may represent “gregariousness.” 
Integration / 
Radiality 
Represents both indegree and betweenness; reflects method 
of inversing distances within a network by subtracting them 
from the maximum possible (N – 1). Called Integration when 
using in-distances and radiality when using out-distances. 
Clustering Coefficient  The degree of “clumpiness” in a network, or measure of how 
clusters define the network structure. High clustering 
indicates pockets of dense connectivity. 
Core/Periphery 
Structure 
Degree to which nodes are engaged within the network 
structure, either greater (core) or lesser (periphery). 
Density Number of connections within a group in proportion to total 
number of possible connections. Reflects the mean number 
of links per node and overall level of interaction among the 
group. If a network of size g contains L relationships, the 
density of a network is defined as Δ = L/g (g-1).  
Link Relationship between two nodes; directed (who points to 
who) or weighted (how frequent or how strong). 
Links per Node Total number of links between all nodes within the group, 
divided by the total number of nodes. 
Potential Links Number of possible ties or links in an ordinary undirected 
graph is N(N-1)/2; where N is the number of nodes. 





For the purposes of this study, complex adaptive systems theory will form 
the conceptual framework for understanding the complexity of clinical work 
settings and how this influences the interactions among the clinical team. As 
noted previously, properties of complex adaptive systems include 
interdependency of interactions and the related sense-making that contributes to 
the climate of the work setting with emergent team attitudes and behaviors 
(Weick & Roberts, 1993). Sense-making represents the ongoing retrospective 
development of reasonable images and perceptions that create rationale for what 
people do and the actions they take, and can be understood as a continual 
interplay between action and understanding. It is the process of translating the 
circumstances or context of a situation into meaning that forms a more 
comprehensible perspective that influences behavior and motivates action 
(Weick, Sutcliffe, & Obstfeld, 2005). Sense-making is a highly adaptive response 
to complex circumstances; in other words, sense-making is interactive and 
relational. It is this new understanding through sense-making that leads to 
learning, requiring communication and interaction among the agents to be 
realized and translated into action.  
From the complex adaptive system perceptive, learning occurs as 
circumstances unfold. Sense-making is not a static, specific process; rather, 
individuals within the complex adaptive system must learn as they act and act in 
order to learn. Sense-making is therefore a continuous feedback loop. As a result 
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of communication and interactions, each member of a team inherently goes 
through a process of sense-making and interpreting of these interactions, and 
therefore develops relevant attitudes, perceptions, and behaviors in response 
(Benham-Hutchins & Clancy, 2010). 
The clinical work setting within a hospital exemplifies many of the key 
attributes of a complex adaptive system. Complex care settings require highly 
functioning, highly skilled, diverse interdisciplinary teams to interact effectively to 
carry out interventions with ongoing vigilance and attention to detail under 
constantly changing conditions (Paley, 2011). The group tasks generally involve 
expertise and shared knowledge about evidence-based protocols and complex 
procedures and medications, while simultaneously managing multiple medical 
devices for supporting physical functions and sustaining life. Examining 
relationships and interdependencies among the agents, or individuals within the 
complex adaptive system, provides valuable insights into designing actionable 
interventions to change the system. Complex adaptive systems theory broadens 
considerations about interventions beyond simple mechanistic change tactics to 
a more dynamic view of the interrelated processes and relationships involved, 
suggesting that the quality of the interactive relationships can influence positive 
change (Rowe & Hogarth, 2005; Paley, 2011).  
The four sequential figures below provide simplified illustrations of the 
distinctions among four potential approaches to the study of behaviors and 
outcomes in general, and patient safety behavior and outcomes, in particular.  
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Figure 1 illustrates traditional or mechanistic approaches (Plsek, 2001) that 
generally examine the relationship of behavior to outcome as emphasized by the 
highlighted elements in the figure. Culture-based approaches (Sexton et al., 
2005, 2006, 2011; Zohar et al., 2005, 2007, 2008; Krause & Ridley, 2008) 
examine group climate through assessment of individual attitudes and 
perceptions. The objective is then to influence these individual perceptions and 
attitudes to change behaviors and impact group climate to support safer practice 
and better patient outcomes (Figure 2). Application of social network theory to 
the culture-based approach is illustrated in Figure 3. As the specific focus of this 
study, structures in the form of social interactions will be examined as antecedent 
factors to attitudes, perceptions, and behaviors. With the knowledge gained from 
this study, future opportunity will be to connect all the elements of social network 
properties, perceptions and attitudes, team behaviors, and team results. This is 
shown in Figure 4, with all highlighted elements included.  
It was with this framework in mind that this study was designed. A closer 
look at interpersonal interactions will strengthen our ability to both understand 
and then act on new knowledge by designing ways to influence future 
interactions, ultimately influencing the cascade of perceptions, attitudes, 
behaviors, and outcomes. The use of social network analysis linked to concurrent 
perceptions of teamwork climate and safety climate will bring us another step 




























The purpose of this study is to examine the relationship between social 
network properties and perceptions of teamwork climate and safety climate within 
complex acute care clinical work settings. To facilitate a deeper understanding of 
the topics integral to this study, this review of literature examines existing 
scholarship on the historical antecedents of patient safety in health care, the 
connections between teamwork and safety climate, social network analysis in 
health care, and the perspective of health care as a complex adaptive system. 
Moreover, this chapter describes relevant available literature and concludes with 
a summary of findings, limitations and/or gaps within the available literature, 
along with rationale for the unique importance of this study.  
Methods, Strategy, and Relevant Literature Search History 
This section includes an overview of the methods and strategy for a 
search of the relevant literature. The specific databases used for the literature 
review were OVID, PubMed, Medline, EBSCOhost, ProQuest, and Web of 
Science. The guiding criteria for the selection of articles included those that were 
(a) published within the last 10 years; (b) in English; (c) available in full text; (d) 
involving human subjects; and (e) pertaining to highly relevant and/or novel 
research topics related to any of the study variables. While the search had a 
primary focus on health care-related studies, pertinent business and 
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organizational management literature was also critically reviewed when it was 
perceived to have relevance or contribution to the topic.  
Once the above criteria were met and abstracts reviewed, decisions for 
thorough review of the full article were also determined by references to any 
aspect of patient safety, use of clinicians or health care providers as units of 
study, as well as the type of care settings, study design, and robustness of the 
study (Falck-Ytter & Schüenemann, 2009). The grading system of study strength 
and resulting level of evidence was based on the Clinical Studies Evidence 
methodology established by the United States Department of Health and Human 
Services through AHRQ. One of several widely accepted systematic approaches 
to grading review of literature; the categories are numbered and arrayed based 
on the strength of evidence associated with the methodology and results. Level I 
evidence reflects the most rigorous approach with randomized controlled trials 
and is considered the strongest. Level II reflects non-randomized controlled trials. 
Levels III and IV include varied rigor in observational type studies, with Level V 
representing expert opinion, interviews or simple descriptive studies. This kind of 
classification system is helpful in assessing the quality of the study design and 
methods. Ongoing work in this area has resulted in evolving versions of grading 
systems that not only take into account the quality of the study design, but also 
consider the quality of the evidence based on the integrity with which it is carried 




Table 2.1. Highlights from Literature Search History 
Database Searched, Key Words, and 







I. Web of Science, English language, full text    
a. Complex Adaptive Systems* Health 
Care (All Years)  
116 15 11 
b. Social Network Analysis  5,527 85 42 
c. Patient AND Safety Climate  229 61 10 
II. Ovid MEDLINE, English language, full text     
a. Social AND Network AND Analysis  274 59 9 
b. Patient AND Safety Climate  42 N/A 29 
III. PubMed, full text     
a. Social AND Network AND Analysis  27,108 513 15 
b. Patient AND Safety Climate 1,677 N/A 25 
c. Teamwork AND Healthcare 1019 105 47 
IV. EBSCOhost, full text     
a. Complex Adaptive Systems AND 
Health Care 
82 10 3 
b. Social Network AND Health Care 982 300 6 
c. Patient AND Safety Climate 78 14 12 
 
Articles reviewed and maintained for reference for this study were those 
most closely focused and relevant to the study constructs of patient safety, safety 
culture, social networks, and aspects of team performance. As the study itself 
evolved and the researcher was introduced to new and related constructs or 
sources of pertinent information, these were added as references. Perhaps 
uniquely due to the decade of experience in the field of patient safety and quality, 
the researcher had already established a library of resources that not only 
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contributed to the foundational study idea but also to the creative work that 
ensued. 
Historical Context of Quality and Patient Safety in Health Care 
The roots of quality and patient safety in health care go back to the time of 
Florence Nightingale, if not before. Nightingale was a nursing pioneer that served 
in the Crimean War in the healing of wounded soldiers in the late nineteenth 
century. She was among the first to note a difference in how some soldiers 
recovered and others suffered complications, such as infection and death. 
Nightingale paid attention to contributing behaviors that were associated with the 
bad outcomes. It was her vigilance that helped us understand the connection 
between safe practices (i.e. hand hygiene) and patient outcomes. Those that 
followed Nightingale and had a significant influence on our knowledge about 
connections between quality, safety, and outcomes include Avis Donabedian 
(1980), who is known for developing the model widely recognized as involving 
the three components of structure, process, and outcome in health care. Simply 
described, “structure” represents the general administrative standards for the 
organization and the people providing the care; “process” represents the delivery 
of care; and “outcome” is the result. Perhaps the father of the quality revolution, 
however, is W. Edwards Deming (1993). Dr. Deming was best known for his 
contribution to the improvement process of “plan-do-check-act” that reflects the 
continuous cycle that is necessary to advance and sustain change and 
improvement. Others followed in these footsteps, and each contributed a unique 
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perspective that helped to advance the thinking about quality and safety in health 
care.  
Another key influence was the Joint Commission for Accreditation of 
Health Care Organizations, which designed and implemented the standards for 
hospital and health care organization accreditation that included the role of 
leadership, measurement, and improvement in health care. The Joint 
Commission was instrumental in helping to shift the focus from the earlier ideas 
of quality assurance, which was more of a punitive approach of eliminating the 
bad apple, to that of a systems approach, where an error or adverse outcome 
was recognized as a symptom of a system issue rather than the fault of a single 
individual.  
This important shift in thinking influenced a shift in health care culture 
where speaking up and sharing information when things went wrong or an error 
occurred was recognized as a positive contribution. In 1994, a pivotal event 
occurred that dramatically changed lives of all involved (Conway et al., 2006). 
James Conway was the chief operating officer at the Dana Farber Cancer 
Institute, a prestigious hospital affiliated with Harvard Medical School, when the 
well-known columnist for the Boston Globe, Betsy Lehman, was inadvertently 
administered an overdose of chemotherapeutic agent while being treated for 
cancer at Dana Farber. Betsy’s death occurred under Mr. Conway’s watch in late 
1994, and the event was revealed to the public, causing a complete 
transformation within that organization as they relentlessly sought to uncover the 
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system failures that allowed the event to happen (Conway, 2012). Under Mr. 
Conway’s leadership, there was no punishment involved; rather, the investigation 
entailed an engagement in the solution and mitigation of the risk of an event of 
such catastrophic nature in an effort to ensure that never happened to another 
patient in their care. The experience at Dana Farber continued to influence the 
delivery of health care across the world; it became one of those events that 
forever shifted the perspective on transparency of the conversation when things 
go wrong. As was found at Dana Farber, there were a series of small slips or 
lapses that eventually led to the fatal error. We now know that when people are 
encouraged to speak up and help identify possible system failures, it is 
recognized as beneficial in mitigating the risk of such an event happening again 
(Marx, 2001; Frankel, Leonard, & Denham, 2006; Pepe, 2011). 
Early IOM reports described patient safety as “indistinguishable from the 
delivery of quality health care.” Additional work since the series of IOM reports 
(2000, 2001, 2004) has focused on identifying leading evidence-based practices 
that promote safer care and reduce medical error. National and federal 
organizations took on the challenge to lead the patient safety movement; chief 
among them was the Agency for Healthcare Research and Quality (AHRQ). 
AHRQ commissioned Evidence Report 43, entitled Making Health Care Safer: A 
Critical Analysis of Patient Safety Practices. This AHRQ report examined existing 
practices and related evidence on effectiveness, as well as the potential for 
contributing to patient safety.  
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The Role of Teamwork and Safety Climate 
One key recommendation of the AHRQ Evidence Report 43 focused on 
crew resource management (CRM), a method of training medical teams that 
evolved out of the aviation industry. CRM was considered to have tremendous 
patient safety potential in strengthening team competencies. Members of the 
team have specific roles, carry out specific tasks, and interact to achieve specific 
outcomes. Teams are different than small groups in that they exemplify collective 
action and task interdependency. The work of teams was traditionally described 
through systems theory language as consisting of the team inputs, processes, 
and outputs. The teamwork aspect was considered to be within the process 
phase, that of working collaboratively to achieve the desired output. Specific 
attributes that promoted teamwork included open and effective communication, 
mutual support, trust, and accountability (AHRQ, 2005). Effective teamwork 
required effective communication and collaboration within the team. Effective 
team performance required a willingness to achieve a shared goal. In health 
care, the concepts of teams and teamwork were emphasized as critical to 
ensuring safe care (National Research Council, 2001).   
The relationship between teamwork and patient safety has been studied 
widely. In the operating room (Awad et al., 2005), intensive care unit (Baggs, 
Ryan, & Phelps, 1992; Baggs et al., 1999; Valentin et al., 2006), emergency 
department (Morey et al., 2002), and other high risk clinical areas like obstetrics 
(Pettker et al., 2009), effective teamwork has been associated with improved 
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communication, collaboration, perceptions of safety (Bleakley et al., 2012; Jones 
et al., 2013), reduction of errors (Deering et al., 2011; Grogan et al., 2004; 
Makary et al., 2007; Pham et al., 2012), and quality of care (Baggs et al., 1999; 
Freedman & Berger, 2004; Leonard & Frankel, 2011; Sexton et al., 2000, 2006). 
Though not a focus of this study, teamwork has also been connected to improved 
patient satisfaction (Freedman & Berger, 2004; Meterko et al., 2004), physician 
and nurse retention and job satisfaction (Ajeigbe et al., 2013; Chang et al., 2009), 
hospital efficiency (Friedman & Berger, 2004), and a reduction in employee 
illness and injury (Jones & Jones, 2012). 
The relationship between teamwork and safety climate has also been 
widely studied in safety critical/high risk arenas like aviation (Weick & Roberts, 
1993; Sexton et al., 2006), nuclear power, aerospace engineering (Krause & 
Hidley, 2008), and health care (AHRQ, 2009; Colla, Bracken, Kinney, & Weeks, 
2005; Baker, Day, & Salas, 2006; Bartunek, 2011). It has been said that one 
person’s attitude is an opinion, but the attitudes of everyone pooled together 
provide a good measure of the climate of that group (Leonard et al., 2004). A 
healthy climate is one that exhibits teamwork, collaboration, and where 
individuals feel that safety is valued. This in turn affects performance. Meta-
analyses have demonstrated a correlation between attitudes, behaviors, and 
performance (Iaffaldano & Muchinsky, 1985). In more current works, a study 
across a group of intensive care units in Rhode Island (Vigorito, McNicoll, 
Adams, & Sexton, 2011) demonstrated that improving attitudes and perceptions 
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of safety climate is associated with reduction of central line-associated 
bloodstream infections and ventilator-associated pneumonia rates.  
Another study that examined team performance, teamwork climate and 
safety climate (Stepaniuk et al., 2012) was able to show a reduction in procedure 
time while maintaining a fixed team (promoting familiarity) and improving 
perceptions of teamwork climate and safety climate. Teamwork and safety 
climate (both measured on a 5-point scale) improved significantly; for teamwork, 
improvements measured: + 0.86, 95% confidence interval [CI], 0.54 to 1.18, and 
for safety climate, improvements measured: + 0.75, 95% CI, 0.40 to 1.11. This 
investigation was a multi-center study that involved bariatric surgery with fixed 
operating room teams. Other outcomes associated with safety climate in the 
literature include reduction in falls, pressure ulcers, catheter-associated urinary 
tract infections, and medication errors (Sexton et al., 2006; Hofmann & Mark, 
2006).  
One of the most widely used instruments for assessing safety climate is 
the Safety Attitudes Questionnaire (SAQ), which was used in the above study. 
The SAQ was designed to collect input from “front line” personnel to assess 
perceived strengths and weaknesses of work settings across six domains: 
teamwork climate; safety climate; job satisfaction; perceptions of management, 
working conditions; and stress recognition (Sexton et al., 2006). The SAQ 
demonstrates robust psychometric properties. Sexton and colleagues (2001) 
tested the multilevel factor structure of the SAQ across 203 clinical work settings 
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in the United States, United Kingdom, and New Zealand (N = 10,843 care 
providers). Multilevel analyses yielded results at the clinical work setting level 
and at the level of the respondent nested within the clinical work setting. Using a 
multilevel confirmatory factor analysis in Mplus, the six factor model of the care 
provider attitudes fit the data at both the clinical work setting level and at the 
respondent level. Cronbach’s alphas ranged from .74 to .93. The SAQ is the only 
culture of safety survey instrument that has been shown to have a relationship 
with clinical and operational outcomes such as employee turnover, absenteeism, 
burnout, operating room and intensive care unit procedural delays, bloodstream 
infections in the intensive care unit, and wrong-site surgery (The Health 
Foundation, 2011). 
As a result of his ongoing research, Sexton developed a modified version 
with these two domains (Teamwork Climate and Safety Climate survey) which 
has also become widely used, in part given the abbreviated nature of the survey 
and also due to its predictive relationship to outcomes (J. Bryan Sexton, PhD, 
personal communication, November 1, 2012). Moreover, professional 
publications have cited specific outcomes related to each of those two domains 
(Colla et al., 2005). Teamwork climate domain reflects the perceived quality of 






TC1 Nurse input is well received in this work setting. 
TC2 In this work setting, it is difficult to speak up if I perceive a problem 
with patient care. 
TC3 Disagreements in this work setting are resolved appropriately (i.e., 
not who is right, but what is best for the patient). 
TC4 I have the support I need from others in this work setting to care for 
patients. 
TC5 It is easy for personnel here to ask questions when there is 
something that they do not understand. 
TC6 The physicians and nurses here work together as a well-
coordinated team.  
A low teamwork climate stems from persistent interpersonal problems 
among the members of a given unit. When teamwork climate is low, 
employees feel that their coworkers are not cooperative, that their voices 
are not heard by management, and that their efforts are not supported. 
These feelings can deeply affect employee performance and patient 
outcomes. During interventions, encourage employees to support each 
other’s work and help their fellow coworkers when problems--such as work 
overload or a problematic patient--arise. Through conversation, try to 
understand why they might feel that they can't speak up or aren't being 
listened to when they do, and seek to address their concerns directly. 
(HealthBenchTM Pascal Metrics, Inc., 2013) 
 
The safety climate domain reflects the perceived level of commitment to and 
focus on patient safety within a given work setting and includes these items:    
SC1 I would feel safe being treated here as a patient. 
SC2 Medical errors are handled appropriately in this work setting. 
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SC3 I know the proper channels to direct questions regarding patient 
safety in this work setting. 
SC4 I receive appropriate feedback about my performance. 
SC5 In this work setting, it is difficult to discuss errors. 
SC6 I am encouraged by others in this work setting to report any patient 
safety concerns I may have. 
SC7 The culture in this work setting makes it easy to learn from the 
errors of others. 
When employees indicate that they don't perceive a good safety climate, 
they are messaging that they don't see a real dedication to safety in their 
unit. Safety climate is related to both caregiver safety (e.g. needlestick and 
back injuries) and patient safety (e.g. bloodstream infections and 
decubitus ulcers). Low safety climate is critical to address. During 
interventions, emphasize the importance of keeping lines of feedback and 
communication open. Let employees know that it is OK to bring errors to 
the attention of managers and clinical leaders. And, let managers and 
clinical leaders know that they need to be responsive to error reports and 
show appreciation for having errors brought to their attention. 
(HealthBenchTM Pascal Metrics, Inc., 2013) 
Social Networks and Social Network Analysis 
The literature on social networks spans traditions and academic 
disciplines, ranging from sociology, anthropology, psychology, epidemiology, 
business, economics, organizational management, communication technology, 
marketing, public health, and medicine (Greenhalgh, Robert, Macfarlane, Bate, & 
Kyriakidou, 2004; Valente, 2010). Analysis of social network phenomena is 
interdisciplinary, as it evolved out of, “a propitious meeting of social theory and 
application, with formal mathematical, statistical, and computing methodology” 
(Wasserman & Faust, 1994, p. 10). The construct of social networks has its roots 
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in sociometric research established by Moreno (1953). Moreno's now well-known 
work involved elementary school children who were asked to identify those in 
their class who would fit the description of leaders, friends, enemies, and so 
forth. Moreno then developed a sociogram, which was defined as a “picture in 
which people or social units are represented as points in two-dimensional space, 
and relationships are represented by lines linking the corresponding points” (as 
cited in Wasserman & Faust, 1994, p. 12). With this visual, Moreno classified 
each student based on his or her sociometric ties. Moreno’s foundational 
methods are still used today to measure social well-being in children (Valente, 
2010).  
Though ongoing since the 1930s, there was remarkable growth in the 
scientific study of social networks in the decade of the 2000s. Valente (2010) put 
forth the rationale that attribution theories of behavior left researchers wanting. 
Attribution was the construct developed by Fritz Heider (1896-1988) that 
referenced the tendency to create causal inferences from observed or perceived 
behaviors (Malle & Ickes, 2000). Knowing that attitudes about a behavior were 
associated with that behavior did nothing to inform how to change the attitudes or 
the behavior. In contrast, the results of social network analyses demonstrated 
that individual behavior can change when important social ties exerted pressure 
to change (Christakis & Fowler, 2008).   
Another influence on the increased interest in social network theory and 
research was the changing concept of social networks moving in to the twenty-
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first century. This shift was reflected in diverse fields from physics to literary 
criticism (Borgatti & Cross, 2003), as social network research evolved from 
individualistic to more relational and contextual awareness. At the same time, 
social networks were developing through the contemporary modes of electronic 
communications, including email, cell phones, and the Internet. Networks and 
networking became a fundamental aspect of everyday lives. Add sophisticated 
technology and computer software programs, and the once cumbersome 
sociogram (which is the graphical display of network dynamics) became more 
accessible and provided network analytic computer platforms to use in research 
(Valente, 2010). 
Borgatti (2009) described individuals as, “embedded in thick webs of 
social relations and interactions” (p. 892). The value in the sociogram was to 
visualize that web of social interactions. Tools that created sociograms, or social 
network maps, were based on a simple set of computer inputs that generated a 
graphical representation of network ties that revealed how people interact and 
self-organize. The sociogram illustrated the informal channels through which 
information flows in contrast to the formal hierarchy typically seen in 
organizational charts (The Advisory Board Company, 1996). It was identified that 
ideas, knowledge, and behaviors evolved and adapted as a result of the 
connections individuals and groups made when reaching across the usual lines 
of levels, roles, experience and departments.  
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Seminal work of Freeman (1979) contributed to the understanding from 
social network researchers of the commonly classified relational interactions of 
trust and advice seeking. Balkundi and Harrison (2006) provided description of 
the classification of ties as commonly instrumental or expressive. The 
instrumental ties were considered a pathway for work-related advice and 
regarded as essential to task performance, whereas the expressive ties were 
representative of more personal interactions and thus viewed as less essential to 
task performance, while still serving an important role in the nature of 
relationships. 
Application of this mapping method to understand and be able to solve 
problems that led to enhanced group outcomes was found in an array of 
literature that spanned management and organizational behavior, technology, 
and social psychology publications (Henttonen, 2010). A meta-analysis of 37 
network studies from as early as the 1950s and 1960s through 2006 concluded 
that teams with dense interpersonal ties achieve their goals more effectively and 
demonstrate a commitment to maintaining the team (Balkundi & Harrison, 2006). 
In addition, the authors noted that teams are more effective when the leader is 
central and when the network structure precedes the task. In a review of the 
empirical literature on social networks, specifically in relationship to teams, 
Henttonen (2010) examined 32 studies representing laboratory teams, student 
teams, innovation and research and development teams, and other 
organizational groups. The types of networks found in the review included 
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advice, communication, friendship, and knowledge networks. Henttonen (2010) 
outlined the structural characteristics associated with team effectiveness and 
identified a positive association with the density of the network. The work of 
Cross and Cummings (2004) examined the individual network properties, in 
contrast to studies of the group network properties, as well as any relationship to 
performance. They found that individual centrality within the network was more 
positively associated with individual performance ratings by supervisors.  
Applications of social network analysis to health care teams included early 
works by Rangachari (2009) that examined the structures of social networks 
within and between medical coding professionals, quality and medical staff as 
related to accuracy of coding practices. Through mapping of communication 
patterns, the study revealed that a network structure with greater hierarchy was 
related to greater coding accuracy compared to a network structure with less 
hierarchy and greater density. This finding underscored the importance of 
leadership ensuring continuous interconnections between professional groups 
and with external sources to promote higher quality outputs. In later research, 
Rangachari (2010) examined the social network properties of groups of infection 
prevention professionals and transferring knowledge about infection prevention 
practices. This study specifically examined adherence to central line insertion 
bundle and the incidence of central line-associated infection in relationship to the 
network structures, content, and frequency of communication between the 
infection prevention groups. Rangachari (2010) distinguished between tacit 
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knowledge exchange (translated by observation and influence through group 
behaviors) and explicit knowledge exchange (codified, gained through direct 
communication, written protocols, documentation, and practice guidelines). The 
author also examined the degree of network hierarchy and density among the 
infection prevention professionals and linked this with clinical processes and 
outcomes. Tacit knowledge was found to be shared more readily in networks with 
a greater degree of density, whereas explicit knowledge was shared more 
effectively in networks with a greater degree of hierarchy. These findings had 
implications for variability in knowledge type that needs to be exchanged within 
teams, as well as network properties that promoted knowledge exchange.  
Empirical studies on social networks and social network analysis were 
also found in the nursing literature. Effken and colleagues (2010) reported on 
correlations of nursing communication network metrics with patient safety and 
quality outcomes in a critical care setting. The study examined a list of 20 
commonly occurring clinical adverse events across a subset of critical care units 
in a hospital system. Within these units, the nurses were surveyed to assess 
types of information transfer among their colleagues, such as advice seeking. 
The authors found positive correlation between network density and some clinical 
outcomes. They also found an inverse relationship between network density and 
other outcomes. The discussion put forward by the authors indicated that 
communication, though frequent, was not always patient care related. Given 
these findings, Effken and colleagues (2010) inferred the implication of analyzing 
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network properties without considering the type of interaction that occurred. 
Similarly, Moss and Elias (2010) investigated intensive care units and 
interdisciplinary communication patterns and discovered a positive association 
between frequency of interactions and reduction of several complications of care, 
specifically hospital-acquired pressure ulcers and central line-associated blood 
stream infections. At the same time, Moss and Elias (2010) noted an inverse 
relationship between communication interactions and incidence of falls. This 
indicated that the focus of the interactions may be conducive to team goals, 
although in some cases the interactions may distract from direct patient care. 
Several studies were found in the recent literature that used social 
network analysis in different health care settings, including primary care and long 
term care. Keating and colleagues (2007) studied factors affecting the influence 
on physicians through a social network analysis of primary care practices. They 
looked at the predictive attributes of location of the physician within the practice 
network and the relationship with other physicians in a network of 38 primary 
care physicians in hospital-based academic practice. Their conclusions were that 
accessibility (OR 5.03, 95% CI 3.10-8.33) and knowledge-base (OR 6.01, 95% 
CI 2.25-23.81) were key influencers on position within the network, and that it 
may be possible to organize practices around this dynamic to promote more 
rapid dissemination of evidence-based medicine and clinical results (Keating et 
al., 2007, p. 794). Another study within the health care sector that utilized social 
network analysis was conducted by Lee and colleagues (2011) on the 
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examination of long term care facilities and their relative connectedness with 
acute care facilities. Through their study of all 2007 annual adult and pediatric 
transfers of patient among health care facilities across Orange County California, 
the researchers assessed general network properties, including centrality 
measures and constructed sociograms (Lee et al., 2011). Lee and colleagues 
(2011) identified a high rate of patient transfers between long term care facilities 
in addition to the transfers between long-term care and acute care sites. Also, the 
geodesic (shortest path in the network) did not closely correlate with the 
geographic distance between facilities. Their findings provided recommendations 
that policymakers should account for patient sharing among long-term care as 
well as those among acute care facilities when creating policy and interventions 
(Lee et al., 2001). Other applications of the social network analysis in health care 
were seen in more community-based studies, looking at patients’ behavior and 
attitudes related to the dynamics of smoking (Christakis & Fowler, 2008), HIV risk 
behaviors (Latkin et al., 2009), and managing type II diabetes (Mani, Caiola, & 
Fortuna, 2011) as associated with their social network.  
Complex Adaptive Systems 
The 2001 IOM report entitled Crossing the Quality Chasm encouraged 
new approaches and frameworks for transforming health care in the twenty-first 
century to ensure achievement of safe, effective, patient-centered, timely, 
efficient, and effective care. Complexity science, which is the study of multilevel 
complex adaptive systems, was looked to in the pursuit of understanding and 
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harnessing the multifaceted organizational characteristics and behaviors in 
health care to further the IOM recommendations. Complex adaptive systems 
were described as consisting of dynamic networks of multi-level interactions that 
are adaptive, in that the individual and collective behaviors changed and evolved 
as a result of events and external influences. Examples of complex adaptive 
systems included the human body, an ant colony, the stock market, and hospitals 
and health care systems. Examples of the many properties of complex adaptive 
systems included (a) nonlinearity, (b) unpredictability, (c) emergent behavior, and 
(d) co-evolution. Nonlinearity was a phenomenon resulting from the many 
interdependent interactions within complex systems that were neither always 
proportional nor predictable, influencing new unexpected outcomes that evolved 
and emerged. These properties have implications in attempts at managing 
complex systems: rather than traditional design plans, a range of possible 
outcomes must be considered continuously (Leykum et al., 2007).  
The characteristics of health care are similar to those of complex adaptive 
systems. These include unpredictability, non-linearity, self-organization, and 
surfacing (emergence) of new behaviors while adapting to a constantly changing 
environment. The smaller units of clinical departments are nested within the 
larger units of the hospitals, which are part of the larger umbrella framework of 
health care. Plsek (2001) presented these facts in Appendix B of the 2001 IOM 
report. In this seminal work, Plsek argued that the traditional approach to 
understanding organizational processes in the health care domain was not 
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adequate for the current complex system. The traditional business approach 
focused on standardization of processes with a clear line of accountability, 
assuming predictable behavior and results. Plsek called this mechanistic and 
asserted that this approach may work in very specific situations when there is 
certainty about the action to take, and agreement in the evidence to support it. 
Health care, however, tends to be less predictable, more broadly interpreted, and 
further from certainty about best solutions (Stacey, 2003). These properties of 
health care align more closely with complex adaptive systems. 
The literature presents various applications of complex adaptive systems 
theory as a framework for evaluating and improving health care (Begun, 
Zimmerman, & Dooley, 2003; Bar-Yam et al., 2012; Boustani et al., 2010; Brown, 
2005; Chafee & McNeill, 2007). Dr. Chafee and colleagues (2005) applied the 
complex adaptive systems theory specifically to the practice of nursing, 
translating the model by New England Complexity Science Institute to describe 
the different elements of nursing: the human being, the environment, and health. 
Dr. Chaffee’s intent in using the perspective of complexity theory to view the 
nursing paradigm was to provide new insights and the opportunity for a visual 
model for a more robust conceptual framework of nursing’s contribution. The 
model from the New England Complexity Science Institute (Figure 5, Marshall 
Clemens, www.necsi.org/projects/mclemens/cs_char.gif) illustrates the complex 
system perspective of the dynamic multi-level interactions that contribute to 
common behaviors and emergent behaviors that are not predictably inferred by 
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any single component itself. Even within a system of control structures and 
hierarchy, there is a self-organization of the complex adaptive systems that 
uniquely supports adaptability and resilience in continuously changing 
circumstances. This self-organization and continual sense-making of the 
environment is where the social interactions among the system play a critical 
role, and thus form a central focus of this study. 
 
Figure 5. The Complex Systems Model: Characteristics of Complex Systems  
 
Lanham and colleagues (2012) applied complexity science to two specific 
health care examples: (1) the application of a mobile phone short message 
service intervention to improve adherence antiviral therapy for HIV, and (2) 
Methicillin-resistant staph aureus (MRSA) infection prevention in hospital 
inpatient settings. They examined the complex adaptive systems characteristic of 
self-organization and how this improved effectiveness of the intervention. Though 
the study interventions were defined at the start, the study allowed for 
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modification along the way in support of self-organizing by the study participants, 
thus making sense out of the circumstances and developing relationships among 
the other participants.  
Leykum and colleagues (2007) looked at interventions using principles of 
complex adaptive systems for patients with Type II diabetes. Through a 
systematic review of the literature, they recorded process and outcome 
measures of diabetes patients and scored effectiveness of the intervention as 
well as the number of complex adaptive systems characteristics each 
intervention represented. Example characteristics that were associated with 
effectiveness were (1) interconnections between participants and (2) co-
evolution. The authors concluded that complexity science provided an effective 
framework for designing and implementing interventions that lead to improved 
clinical outcomes. 
Summary of Literature Findings and Limitations 
There have been decades of exploration related to leadership, culture, 
teamwork, communication, and the connection to quality, safety, and business 
results in health care, as well as other industries. Reviews of the literature reveal 
these same consistent themes as all playing a role in affecting outcomes (Harter 
et al., 2002). Teamwork and communication, specifically, have been linked to 
safety culture (Sammer et al., 2012) and clinical outcomes (Sexton et al., 2010). 
Weaver and colleagues (2013) also described teamwork and communication in 
their systematic review of the patient safety literature. Some of the more robust 
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studies that demonstrated the important role and contribution of team behaviors 
have involved implementation of some type of formal team training methods. Of 
these, most measured participant perceptions pre- and post-team intervention to 
determine effectiveness. There is less evidence with direct examination of 
difference in outcome after the team intervention. Overall, the general position is 
that there is still more to know and more to be done about patient safety and the 
relevant attributes that contribute to the field. 
The published evidence links social interactions, communication, and/or 
network structure within the team to the team results (Henttonen, 2010). Existing 
literature is light on studies including social network analysis as a team 
performance measure; more often, social network analysis is seen as an 
assessment tool for understanding groups and group interactions. There remains 
a gap in evidence around using specific network or communication interventions 
to evaluate improvement efforts. Those that have been published were primarily 
descriptive case studies, or Level V evidence (Falck-Ytter & Schüenemann, 
2009).  
As explanation for the challenge in substantial progress or sustained 
improvement, the idea of the complex adaptive system has been applied to 
health care. Appreciating the dynamic nature of health care and the social 
structures within it allows the methods for improvement to move beyond the 
traditional to encompass the alternative, and more innovative strategies. The 
foundational work of early social network scientists in design of social network 
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surveys and sociogram methods provides the tools to be applied in today’s 
complex health care environment.  
The constructs of complex adaptive systems have been applied to health 
care with the supposition that given the dynamic, social nature of health care and 
the nonlinear way and unpredictable nature of the environment, there is a need 
for more adaptive and perhaps innovative approaches to improving it. Traditional 
methods, it seems, can only take us so far. Moreover, progress has been seen in 
terms of personal experience, yet those that demonstrate really dramatic results 
remain too few and far between to make a distinct difference. In those instances, 
the results have usually stemmed from emerging ideas developed within the 
team that were then allowed to surface. These types of alternative case 
examples prompted the seeds of thought for this study. What have we been 
missing in all this team-based work to date, in cascading standard 
communication techniques, in building trust in the team as a whole, and in 
working collectively to develop improvement and action plans?  
Given these questions, the overarching notion of social interaction as an 
antecedent to team functioning became very intriguing to this researcher. This 
prompted the inquiry of how we might better understand the role of individual 
social network attributes. The current study stems from the proposal that, if the 
health care community were armed with a better understanding of the social 
network, then the direction and content of interaction could be more specifically 
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modified to get us one step closer to a more expeditious and positive effect on 
team function and outcomes. 
The gap in the literature discussed here supports the need for focused 
investigation of the social antecedents to perception, attitudes, and behavior in 
health care teams. At the outset of this research, there remained much to be 
discovered about the contribution of social network structure in clinical work 
settings and any association with individual and team attributes. This project, 
therefore, contributes to the greater understanding of the utility and application of 
social network analysis in health care. The knowledge gained will expand the 
range of intervention design to improve communication channels and team 
performance. The specific research design and methodology utilized for this 








This study examined the individual and group level relationship between 
social network structure and safety attitudes of clinical teams. This was 
accomplished through secondary data analysis of a sample of 338 individuals in 
seven acute care work settings within five different hospitals as part of 
Providence Health & Services, based out of Renton, Washington. Two different 
survey data sets were collected as the primary data source within the larger 
context of a project to assess and improve patient safety within this health care 
system. This chapter outlines the research design used, the study hypotheses 
and aims, a description of the feasibility study for design and testing of a social 
network survey, the primary data collection and secondary data procedures, and 
the data analysis that was conducted specifically for this research project. 
Research Design 
This was a cross-sectional secondary data analysis of two survey data 
sets obtained as part of a unique patient safety assessment process within 
Providence Health & Services. The first data set was from a social network 
questionnaire that assessed patterns of social interactions reflecting 
communication, advice-seeking, and trust in talking about concerns about a 
patient’s safety. The second data set from the same population was the 
Teamwork Climate and Safety Climate survey results. This survey assessed 
attitudes and perceptions about key factors that reflect components of a safety 
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climate, including the sense of teamwork and organizational support for patient 
safety (Sexton et al., 2005). At the end of this survey was an open-ended item for 
participants to respond with any other comments related to patient safety in their 
work areas. A small number of available comments from the respondents were 
reviewed for common themes and the summary included for discussion in light of 
study findings.  
For the purposes of carrying out this investigative study, there were 
several Institutional Review Boards (IRB) involved to ensure all study sites were 
effectively covered. In compliance with IRB protocol, the data were appropriately 
de-identified and held confidential for the secondary analysis. Providence Little 
Company of Mary IRB in California approved this study on September 18, 2013 
(See Appendix A). The Swedish Research Center IRB in Washington approved 
this study on November 11, 2013, (See Appendix B), and the Colorado Multiple 
Institutional Review Board approved this study on November 15, 2013 (See 
Appendix C). 
Study Hypotheses and Aims 
This study examined whether social network properties on both an individual 
and group level were related to perceptions of teamwork climate and safety 
climate in the acute care clinical work setting. The objective was to conduct a 
secondary analysis with the integration of two survey datasets representing: (1) 
social network properties; and (2) perceptions of teamwork and safety climate. 
The combination of these two survey datasets helped more fully explain the 
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network dynamics and perceptions of teamwork and safety in the acute care 
clinical work settings with the following hypotheses: 
1. Social network individual centrality and group density are positively 
associated with perceptions of teamwork climate in the acute care clinical 
work setting.  
2. Social network individual centrality and group density are positively 
associated with perceptions of safety climate in the acute care clinical 
work setting. 
The specific aims relative to the two hypotheses for this study are: 
1. To link the social network survey results and teamwork climate domain 
survey results at the individual respondent level and determine whether 
individual and group social network attributes are related to the teamwork 
climate domain scores across a subset of acute care clinical work settings.  
2. To link the social network survey results and safety climate domain survey 
results at the individual respondent level and determine whether individual 
and group social network attributes are related to the safety climate 
domain scores across the same subset of acute care clinical work 
settings.  
Pilot Study on Feasibility of Social Network Analysis 
Introduction to the Pilot Study 
This thesis was developed from earlier work by the researcher in the 
design and testing of a social network survey to analyze communication flow and 
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interactions about patient safety. The pilot feasibility study translated lessons 
learned from a national collaborative on eliminating transmission of methicillin-
resistant staph aureus (MRSA). The MRSA collaborative used social network 
analysis in one of the local hospitals that was participating. In that context, the 
social network survey was used to assess communication flow in one intensive 
care unit before and after their participation in the MRSA project using a simple 
relational question: “Before (or after) this project, who did you speak to regarding 
transmission of MRSA?” Notable changes in the interaction patterns before and 
after, along with significant reduction in MRSA transmission, in addition to 
positive feedback about the experience, all prompted the researcher‘s curiosity 
about other potential applications of social network analysis in patient safety 
improvement work. This curiosity came about particularly in light of the potential 
opportunity to explore new ways of doing things that might generate different 
results. Another way this platform for change has been expressed is through the 
oft-quoted words of Paul Betaldon, MD, “every system is perfectly designed to 
get the results it gets” (www.psqh.com/julaug08/editor.html). The next step for 
the researcher was then to design a social network survey that could 
complement broader patient safety initiatives for the health care system beyond 
the MRSA project, and to find a leadership team and a clinical work setting willing 
to participate in the testing. It was with this basic intent that the feasibility study 





The key objectives were to refine a social network survey design, 
including methods of delivery and analysis, as well as application of results. This 
pilot study also served as a foundation for engaging other health system leaders 
in the larger future project using social network theory and application. 
Survey Design 
Survey design for this feasibility study focused on crafting one or two key 
relational survey items that could reflect the essence of teamwork, embody trust, 
and support patient safety. Guidance for designing the social network questions 
was relatively sparse in the literature, and somewhat general in nature 
(Wasserman & Faust, 1994; Carley et al., 2009; Cunningham et al., 2011; 
Freeman, 2012; Krempel, 2010; Morris, 2004; Scott, 2000). The social network 
literature describes several types of network structures that are typically 
assessed, including the concepts of advice-seeking, friendship, task orientation, 
and innovation. The decision was made to focus on advice-seeking relative to 
patient safety and on innovation, or sources of new learning about patient safety. 
For purposes of the pilot study, the survey item structure was eventually 
finalized through a user testing method involving six persons that represented 
varied acute care clinical works settings, and a willingness to participate in the 
testing (Appendix D shows the item testing survey scorecard). Final revisions 
were made to the items based on user interpretation and feedback from six 
different individuals based in three different care settings in Washington and 
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Montana. Each had varied practice experience, representing the domains of 
nursing, critical care, infection prevention, and organizational development. The 
two social network items incorporated into the pilot survey were:  
1. From who have you learned new ways of keeping your patients safe? 
2. Who have you spoken to when you had a question or concern about 
the safety of a patient? 
Sample and Setting 
The site for this pilot was within two adult critical care units in an acute 
care hospital in Everett, Washington, part of the Providence system. The 
leadership team for this clinical setting already had a keen interest in patient 
safety, safety culture, and the importance of communication in teams. This group 
was receptive to learning and willing to support the project locally as needed. A 
sociometric approach was used to generate the roster of team members as 
described by Borgatti et al. (2013). This involved the clinical manager, human 
resource support, and help from the project manager for the pilot feasibility study. 
All individuals ultimately included on the roster were considered part of the 
interdisciplinary team who interacted with one another in the combined work 
settings to provide care to the patients within the critical care units. The final 
roster included nurses, physicians, respiratory therapists, speech and 
occupational therapists, laboratory technicians, radiology technicians, social 
workers, care managers, and quality and patient safety personnel. It resulted in 




All 169 individuals were invited to participate in the survey. The invitation 
described the unique method that would be used to assess and understand their 
team interactions related to patient safety. Written materials were distributed to 
the invited clinical staff in the form of “frequently asked questions” (FAQ). The 
FAQ document helped to describe what a social network survey is, how the 
information would be used, and what could be improved as a result of the new 
information gained. Appendix E provides the example FAQ from the social 
network analysis pilot study. The survey was offered both via email link and 
through a paper version option to allow for broad availability and convenience for 
the respondents. Various approaches to engage the team in the survey were 
used, including an on-site campaign with posters showing example social 
network maps to encourage interest, and computers on wheels in the work 
settings for convenient survey completion over the four week survey period. 
Results 
Overall, a 30% response rate was achieved for this pilot study. As will be 
discussed later, this level of response raises the question of reliability of results. 
Specific steps were taken to improve the response rate in the larger study that 
followed. Social network maps, or sociograms, were created with UCINET 6.314 
Social Network Analysis Software. The social network maps illustrated group 
network properties of the respondents, reflecting relationships and interaction 
patterns between the physicians, nurses, and administrators in response to the 
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relational item: “Who have you spoken to when you had a question or concern 
about the safety of a patient?” An example social network map demonstrating 
four caregiver types that participated in this pilot study is shown below (Figure 6). 
 
 
Figure 6. Social Network Map of the Pilot Clinical Work Settings 
 
Key points to consider when viewing this social network map include the 
distribution of the colors representing each node. As noted in the legend, each 
color represents a different caregiver type. The single clinical educator that 
appears very close to the center is of interest, indicating connectedness to the 
group and an expected network position. In contrast, the administrators are less 
close to the center, for the most part. This could represent the hierarchical 
relationship. General guidelines for interpreting social network maps will be 







For purposes of the pilot study, general observations and 
recommendations on results were shared with the leadership team for the units. 
Team maps were presented to the staff at in-person meetings to gather their 
individual observations and insights as they observed the maps. Key themes 
emerged from debriefing with the clinical teams themselves. Interest was 
expressed in establishing stronger partnerships with those nodes that were 
situated closer to the center of the network. Those nodes were associated with 
the group of individuals who were more commonly turned to for advice-seeking 
related to patient safety. Another insight specifically pointed out by the chief 
medical officer was to focus on increasing interactions among the intensivist 
physician group with the remainder of the clinical team since these physicians 
appeared to have mostly peripheral connections. Observations and comments by 
the clinical teams were captured and considered for the larger study design, 
method of analysis, and interpretation of results. 
Discussion / Conclusions  
Post-survey debrief sessions focused on survey design, administration 
method, engagement strategies, and presentation and application of results. The 
basic survey items were acceptable and easily interpretable to the participants. 
Issues about the length of the list of name options, however, suggested the 
inherent challenge of roster methods as the size of the group gets larger. 
Successful survey participation was found to be dependent on the involved unit 
leaders’ informed, active engagement and their clearly defined supportive action 
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related to the survey. On-site support worked well as a method to ease the 
burden and facilitate survey participation. Another issue was the relative 
effectiveness of communication strategy to introduce the survey. A significant 
challenge was associated with successfully reaching all eligible participants given 
the sheer numbers of the population and the identified lack of routine or effective 
communication infrastructure. This issue of communication challenges in a large 
interdisciplinary clinical team that interact around the care of the patient is critical 
to patient safety, yet remains a challenge to solve. Moreover, efforts to control or 
reduce hospital labor costs often result in larger numbers of direct reports under 
a single manager’s responsibility (personal communication, Booz & Associates, 
September 19, 2013), worsening this communication challenge. This 
management span of responsibility came up as a barrier to full engagement of 
the broader clinical team in this pilot study. This was fittingly noted in the debrief 
sessions and will be discussed further in Chapter V. Future efforts would do well 
to refine and focus on the overall communication plan. 
Another key learning opportunity was the importance of sharing the visual 
of the social network map to those in the participating work unit. This is 
particularly important given that the team that is represented within the map sees 
relationships and interactions that may not be apparent to those outside the unit. 
In addition, the visual representation of the social interactions can influence 
behavior change. This experience was recounted from those involved in the 
original MRSA project work that first used the social network map, ultimately 
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inspiring this research. Physicians from that particular project expressed the 
desire to become more involved in the clinical team once they were able to see 
how relatively disconnected they were within their social network map. Actions 
were taken on their part as a result. The behavior change included greater 
frequency of interactions with their nurse colleagues and infection prevention 
professionals related to the work to reduce transmission of MRSA. Overall, the 
exercise of designing and conducting the survey and creating the map provided 
the clinical team and the leaders a chance to see the group interactions in a new 
light. The hospital leaders expressed strong interest in the findings and in future 
applications of the knowledge gained.  
This pilot study resulted in new understandings of and insights into the 
novel method of social network analysis, and was an important foundational step 
in preparing for broader applications. This pilot also fueled the researcher on next 
steps for larger work to better understand the role of social networks in 
influencing team perceptions and behavior that could result in safer care.  
Primary Data Collection 
The pilot feasibility study for the social network survey informed the 
subsequent steps of the research design. The following explanation outlines the 
process for the primary data collection that was designed by the researcher, and 
deployed within the health care system as an opportunity to assess progress on 
key safety culture initiatives. The survey opportunity was well suited to serve as a 
primary data source for more detailed analysis and further research, while 
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simultaneously providing key benefits to the organization’s strategic safety 
culture initiatives encompassed under the quality improvement umbrella of work. 
Sample and Setting 
The primary data for the two studies were collected from a new set of 
seven acute care clinical work settings within Providence Health & Services. The 
opportunity to participate was presented to the hospital leaders as a vehicle to 
assess progress on their safety culture improvement work. Another benefit of the 
survey participation was the chance for each participating clinical work setting to 
develop specific team-based action plans based on the survey results they would 
receive. In this way, the project would assist the hospitals to prepare for the next 
system-wide safety culture survey cycle expected by the end of that year.  
Information about the opportunity was presented through the system office 
to regional clinical and operational leaders that included chief medical officers, 
chief nursing officers, and executive quality leaders. Invitations to participate 
were distributed via email, handouts, and at an in-person presentation by the 
researcher to invite all 32 acute care hospitals within the health system. A brief 
overview of the dual survey purpose and examples of how the data would be 
used was provided with an FAQ document, similar to that used for the feasibility 
study.  
Any work settings within the acute hospital environment were included in 
the survey project, provided the leadership of the area was in support of the 
study and willing to champion the effort by providing resources for the 
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preparation work, the survey administration process, and the post-survey debrief 
of results. The regional leaders were instructed to submit a registration form with 
the names of the clinical work settings and survey point persons that would be 
responsible for facilitating the local activity for the survey administration and 
follow-up work.  
The resultant participant roster included seven work settings within five 
hospitals representing the emergency department, interventional radiology, 
diagnostic cardiology, adult critical care, labor and delivery, and neurological 
acute care units. These five hospitals ranged in size from 80 to 697 beds in areas 
throughout California and Washington, and represented two of the five states that 
comprise the Providence system. All were located in urban centers. Reasons for 
non-participation included lack of resource capacity given other priorities, and 
reflected the already busy agendas of all hospitals within the system. This 
opportunity was provided as an optional adjunct to their work and only a small 
portion (five of 32 hospitals; 16%) elected to participate.  
A list of names was generated by the human resources department for 
each work setting. This list included all staff formally assigned the clinical 
manager of that setting. It was the responsibility of the survey point person to 
work with the clinical manager to sort through the list to ensure that it was current 
and reflected the staff that worked in that setting during the survey administration 
window, including other caregivers that also interface with the clinical team at the 
bedside, as well as physicians assigned to the various locations. Ancillary 
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personnel that rotated into the specific work setting and/or spent the majority of 
their time in one specific work setting were also included. A unique aspect to the 
methodology for the survey administration was the intent that an individual 
should be assigned to the work setting where they spent the majority of their time 
rather than to a specific department to which human resources has affiliated 
them. For example, a respiratory therapist that was assigned to work in the 
intensive care unit should be assigned to survey with the intensive care unit and 
respond from the perspective of working in that specific unit rather than the 
department of respiratory therapy. This method of assigning or “mapping” the 
clinical staff to the units where they practice most routinely creates the target 
respondent groups that theoretically interact around the patients’ bedside 
together. The intent is to capture the most meaningful and actionable data that 
reflects as much as possible the actual patient care milieu. 
To be eligible for survey participation an individual (1) must have worked 
in/for his or her work setting for at least four weeks by time of the survey 
administration; (2) must have worked approximately 20 hours per week in/for the 
work setting; (3) if they were a physician, they must have admitted at least two 
patients per month in his or her work setting; (4) if they were a surgeon, they 
must have performed at least five procedures per month in his or her work 
setting; (5) if they were an obstetrician or gynecologist, they must have 





Social Network Survey 
The first instrument – the social network survey – was modified from the 
pilot feasibility study to include a specific time frame to reference in regard to the 
social interactions. As described by Valente (2010), including the time reference 
in social network survey design strengthens the validity of the information and 
minimizes recall bias, or systematic error due to inaccuracy or incompleteness of 
the responses. The social network survey instrument finalized for the primary 
data collection consisted of two relational item questions that reflected trust and 
advice seeking as related to patient safety (see Appendix F).  
1. Over this past year, who has taught you something new about how to 
provide safer care? 
2. Over this past year, who have you reached out to when you had a 
concern about a patient’s safety? 
The first question was designed to obtain responses that reflected who 
might be seen as having expertise, new knowledge, and the willingness to teach 
others. It may also reflect who the innovators are, in that they bring new ideas 
into the group. This is an important attribute that can benefit the team; it is likely 
someone who has external connections and resources available that can be 
tapped for learning and knowledge-sharing. This attribute is positive, though not 
specifically essential to building teamwork, psychological safety, and leadership 
support that promote the sense of safety climate (Sexton et al., 2006). The 
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second survey item does, however, elicit the type of response that would 
represent who is perceived to be trusted, or having the power to do something 
about the concern, or to provide sound advice in response. For this reason this 
second social network survey item was selected as the primary focus for study.  
Teamwork Climate and Safety Climate Survey 
The second instrument - the Teamwork Climate and Safety Climate 
survey - assessed perceptions and attitudes about a more comprehensive set of 
factors that are known to contribute to the sense of safety culture within the work 
setting. In addition to 13 items that address the two domains, there is a free text 
response option at the end of the electronic survey to add “any additional 
comments about patient safety in your area.” This instrument is widely used in 
the literature as described in the previous chapter, and was selected for use due 
to its noted value (The Health Foundation, 2011). It was an abbreviated version 
of the routine safety culture assessment instrument the health system routinely 
used, and offered the ability to provide comparative and trended results from the 
previous and upcoming surveys. The Teamwork Climate and Safety Climate 
survey instrument as it appears within the web-based platform for administration 
is in Appendix G.  
Survey Administration 
The surveys were administered separately within two different emails.  
Each was delivered with an introductory paragraph and a link to the survey within 
the body of the message. Instructions for the respondents outlined completing 
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both surveys within the four week open period. After two weeks, a reminder email 
was sent to those that had not responded, followed by twice per week for the 
remaining two weeks. Various tactics were employed locally by the leaders to 
encourage strong response rates, including specific messaging from the senior 
executives as to the importance of the survey feedback in guiding organizational 
and unit-based improvement. A particularly successful approach was to bring in a 
portable computer to venues where clinicians were already gathered with easy 
access to the survey links to incentivize and facilitate completion on site. Weekly 
updates on response rates were sent out to managers, facilitating a collaborative 
approach to engaging participation from their teams. Target response rate was 
100% of all eligible respondents.  
The primary collection of these survey data took place during the months 
of May and June of 2013. The unit level Teamwork Climate and Safety Climate 
survey results were generated by external business associates, Pascal Metrics, 
Inc. (www.pascalmetrics.org) and provided back to Providence Health & Services 
in basic report formats available through an on-line database. UCINET 6.314 
Social Network Analysis Software (Borgatti, Everett, & Freeman, 2002) and the 
Smart Network Analyzer version 0.7.4 were used by the project manager under 
the guidance of a social network consultant, Chris Black, to generate the 
individual social network metrics and the various sociograms associated with 
each clinical work setting that participated. The work of interpreting the findings 
and sharing this discussion with the leaders of the clinical work settings was the 
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role of the researcher and the project team encompassed within the quality 
improvement umbrella of the strategic initiative (refer to Chapter IV for examples 
of the social network maps, high level team results and brief discussion of each 
clinical work setting).  
Results 
In general, response rates from each work setting were representative, 
ranging from 41% - 82% for both surveys. The overall mean response for the 
social network survey was 57% (263 out of 463 targeted, ranging from 41% - 
81%) across the seven work settings. This was a better response than the pilot 
study and reflected positively on the learnings gained from that earlier work. The 
overall mean response for the Teamwork Climate and Safety Climate survey was 
73% (338 out of 463 targeted respondents, ranging from 63% - 82% across all 
seven work settings).  
More detail about the demographic mix and survey results will be 
presented and discussed in Chapters IV-V along with the secondary data 
analysis. The briefing reports generated by the researcher containing the basic 
findings for each acute care clinical work setting were provided to the leadership 
teams at the participating sites. Each team was responsible for local action on 
results based on further interpretation through dialogue with the clinical teams in 
response to their own data. Additional support working directly with the clinical 
teams in establishing improvement goals was provided by the researcher on 
request to the system office. One team, in particular, was very engaged in the 
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process and solicited on-site support in more than one meeting with additional 
leaders and the team itself, and opted to follow up with another safety climate 
survey to assess progress on their improvement actions. 
Study Variables 
Both empirical and theoretical considerations were used to narrow down 
the final set of variables for the stated hypotheses. Sources for consideration 
included the social network literature that describes the definition of each 
centrality measure; the stability of each in cases of sampling sizes of networks; 
the meaningfulness of each centrality measure as it relates to the social network 
survey item; and the patient safety literature that describes the role of trust, 
psychological safety, communication and collaboration as primary drivers for 
safety climate. Table 3.1 provides a summary of the study variables, the level of 
analysis, along with the empirical and theoretical rationale for inclusion. 
Table 3.1. Study Variables 
Type  Level Variable Name Rationale 
Outcome Individual Teamwork Climate Empirically associated with 
clinical and operational outcomes  Individual Safety Climate 
Predictor Individual Integration Empirically found to be stable in 
varied sampling sizes and 
theoretically reflect attributes 
associated with teamwork,  
communication, and collaboration 
 Individual Indegree Centrality 
 Work Setting Density Empirically represent cohesion in 
groups; a property associated 
with effective teams 
 Work Setting Average Path Length 
 Work Setting Clustering Coefficient 
Covariate Individual Caregiver Type Commonly considered 
demographic characteristics that 
reflect group differences; some 
empirically found to have variable 
perceptions in the patient safety 
literature   
 Individual Gender 
 Individual Usual Shift 





Outcome Variables  
As described earlier, the outcome variables for this study include the 
individual level teamwork climate domain score and the safety climate domain 
score. Both were generated through the administration of the Teamwork Climate 
and Safety Climate survey in the primary data collection process. The calculation 
and normalization of the domain results are described in the section on the 
procedure for secondary data. 
Predictor Variables 
Level 1 Individual 
Individual centrality network metrics available through the primary dataset 
included indegree centrality, outdegree centrality, betweeness centrality, and 
integration. The Level 1 predictor variables as a subset of social network metrics 
were those that most closely reflected the desired attributes that promote team 
behavior or could be related to team behavior. Issues of stability and reliability 
were also examined to support final decisions. Castenbader and Valente (2003) 
described the bootstrapping technique used to sample different portions of 
network metrics to determine stability of each of 11 centrality measures. Their 
findings indicated that integration and indegree centrality were the most reliable 
based on as low as a 10% response rate or sample of the population. Even at 
very low sampling rates, indegree centrality, reflecting “popularity” or “influence” 
and an individual that others go to and more frequently interact with, was more 
highly correlated with the actual network measures than most all other centrality 
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measures in their study. Castenbader and Valente also describe the strong case 
for using the integration metric as a more robust and meaningful metric of 
centrality as it reflects not only how well connected a node is, but also how easy 
it is to be reached by the other nodes.  
The integration metric best reflects the attributes that would be related to 
the desired team-based climate. In particular, it embodies the trusted connection 
between members, and the level of communication and sense of psychological 
safety in speaking up when there was a concern about patient care or safety 
(Edmondson, 2003). Additionally, Leonard and colleagues (2004) describe a 
similar role of psychological safety or trust in the context of the actions that are 
taken when a concern is raised about patient safety; it is trusted that the concern 
will be heard and not punished. Patrick Lencioni (2002) also points to the critical 
nature of trust in teams; as does the work of Abrams and colleagues (2003), and 
Adler and colleagues (2011). Though diverse, these many sources align around 
the common thread of trust in teams that empirically and theoretically informed 
the selection of integration and indegree centrality as the two individual network 
centrality metrics to be included in this study. 
Level 2 Work Setting 
As described by Anderson and colleagues (1999), group level network 
metrics quantify various features of network graphs. They can be challenging to 
interpret since they are dependent on network size and degree of density, 
resulting in the many subtleties of these metrics across all possible network 
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structures. McPherson, Smith-Lovin and Cook (2001) also concurred that social 
network patterns are influenced by the relative size of groups. In general, as an 
example, density decreases with network size. Because in this study the 
participating clinical work settings varied considerably in size, the group 
clustering coefficient and average path length were also calculated along with the 
density, and included for this study as Level 2 explanatory variables since they 
are less dependent on network size (Anderson, Butts, & Carley, 1999). 
Covariates 
Covariates selected are simply those demographic data elements built in 
to the standard Teamwork Climate and Safety Climate survey, and then 
duplicated within the social network survey. The intent was to provide 
consistency across the two surveys and resulting data sets.  
Procedure for Secondary Data 
The primary data collection served its objective well for the organizations 
involved, and provided a well-heeled opportunity for the secondary data analysis 
that followed under the direction of the researcher. For purposes of this original 
research dissertation, the two survey data sets that had been collected in May 
through June of 2013 were de-identified by the external business associate that 
was also the survey vendor the Teamwork Climate and Safety Climate survey. 
This group combined the two survey data sets by linking the email addresses of 
each individual case respondent, and then released the combined data set to the 
researcher under conditions as outlined within the data use agreement and under 
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the coverage of the involved Institutional Review Boards. It was with this 
combined data file that the researcher conducted the more detailed analysis in 
exploration of the hypothesized relationship.  
Data Cleaning and Validation 
The data sets combined exclusively for these purposes consisted of the 
individual level and group level data and results from both surveys combined into 
a single data file for analysis in IBM SPSS 21. These data included the 13 survey 
item scores and the two domain scores from the Teamwork Climate and Safety 
Climate survey for each individual and also aggregated into domain scores for 
each clinical work setting. Similarly, these data included the individual network 
centrality metrics (integration and indegree centrality) associated with each of the 
two social network survey items and the group network metrics (density, average 
path length, and clustering coefficient) as calculated for each clinical work 
setting.  
The combined data file was reviewed in detail for duplicate cases, data 
completeness, general accuracy, and potential transcription or translation error in 
generating the file format provided. An important data completeness issue 
concerned the fact that social network analysis allows for scores to be obtained 
even if an individual does not take the survey themselves. As previously 
discussed, the method for survey development includes a roster of names 
provided to each respondent to select those that best represent their answer to 
the two survey item questions. If a name did not appear on the list that the 
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respondent would want to include, they also had the option to manually enter a 
name. Bottom line, if the individual’s name is selected or written in, they will show 
up in the results with a score for some of the metrics. With that assumption, if the 
individuals that were named also had scores in the results of the social network 
survey completed the Teamwork Climate and Safety Climate survey, they were 
included in the data file for secondary analysis.  
There were also four cases that appeared to be duplicated across more 
than one work setting by virtue of their demographic information and survey 
scores. This required validation with the external business associates to 
eliminate the duplicate cases and confirm specific work settings to which the 
individuals should be connected for purposes of the analysis. Additional 
examination of missing values resulted in deletion of cases that did not have 
Teamwork Climate and Safety Climate survey responses. This reduced the total 
population to 334 cases and the work setting numbers adjusted accordingly.  
Data Preparation and Normalization 
The nature of the individual social network metrics renders them 
incomparable across groups without normalizing the scores in some manner. 
This normalization of the social network metrics follows the recommendations 
from the early social network pioneers (Freeman, 1979) that outline three 
properties of centrality measures. These properties outline that: (1) it can be 
calculated on individuals, which is referred to as point or node centrality; (2) this 
point centrality measure can and often should be normalized by the size of the 
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network so calculations from different networks can be compared; and (3) the 
network level centralization score can be calculated indicating the degree of 
centralization derived from a specific measure.  
On exploration in the social network literature, specific attention to the 
normalization of social network data was paid by Valente (1998) with an 
exclusive chapter on centrality measures. This approach outlined dividing the 
calculated value by the maximum number of links possible which is expressed as 
N – 1, since a node can nominate every other node but itself. Thus the maximum 
can only be one less than the total number in the network. It was determined that 
the z-score method for standardizing data for statistical analysis (Ritchey, 2008) 
provided the least risk of error given that the Integration calculation is more 
complex and cited to be not amenable to normalization to group size (Valente & 
Freeman, 1999). The individual social network metrics were normalized using the 
z-score calculation to allow for comparison across groups as described by 
Borgatti and colleagues (2013). The formula for calculating the z-score is z = (x - 
μ) / σ where z = the z-score, x = the raw score or observation to be standardized, 
μ = the mean of the population, and σ = the standard deviation of the population.  
Percent of Maximum Possible (POMP) approach was used for 
transforming the individual domain scores of teamwork climate and safety climate 
to provide a standardized scoring methodology to simplify the unit of 
interpretation for the analysis. The POMP calculation as described by Cohen and 
colleagues (1999) is expressed in the following manner: 
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POMP = [(observed - minimum) / (maximum - minimum)] × 100, where 
observed = the observed score for a single case, minimum = the minimum 
possible score on the scale, and maximum = the maximum possible score 
on the scale. 
 
This was accomplished by first summing the individual likert item observed 
responses for each domain, including a reverse scoring of the two negatively 
worded items (TC 2 and SC 5). The six items within the teamwork climate 
domain had a maximum of 30 and a minimum of six; the seven items within the 
safety climate domain had a maximum of 35 and a minimum of seven. Each 
resultant total was then multiplied by 100 to obtain the percentage. The two 
domain scores then theoretically ranged between 0% - 100% of the maximum 
possible score.  
Centering was considered initially as a means to ensure fitted values for 
the predictor variables (Enders, 2007). However, after normalization of the social 
network centrality measures through z-score transformation, centering was not 
considered necessary to the model fit or interpretation. The process for group 
mean centering is of questionable value in this case given that the hypothesis 
does not specifically include within group relative standing or differences in the 
“between” and “within” components of effects (Selig & Preacher, 2013). 
Data Analysis 
It is with these resultant data that that descriptive and inferential statistics 
were run as is explained in this section. IBM SPSS 21 was used for analyses of 
descriptive and inferential statistics, as well as design and testing of the 
multilevel models. The demographic characteristics collected through both 
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survey processes (caregiver type, gender, usual shift, and years in clinical work 
setting) were analyzed and described in counts and percentages for each clinical 
work setting and for the overall population of respondents. Analysis of the social 
network metrics included descriptive and inferential methods for demonstrating 
any relationship with teamwork climate and safety climate results.  
Testing of Hypotheses 
A multilevel model was used to determine the relationship of individual 
network attributes (predictor variables) to the Teamwork Climate and Safety 
Climate survey domain scores (outcome variables) for the study hypotheses. 
Standard regression models rely on the assumptions of linearity, normality, 
homoscedasticity and independence. This has been a challenge for social 
scientists and particularly network analysts given that social network properties 
do not routinely meet all four assumptions. Rather, social and behavioral 
research commonly involves hierarchical data structures, where observations are 
clustered within larger units.  
The unique challenge in statistical analysis with network data is the 
inherent interdependence and nested nature of the units of studies, whether 
individuals, groups or communities. Freedman (1999) writes of the "ecological 
fallacy" that occurs when relationships observed in groups are assumed to hold 
for individuals. An example is the developing recognition that the relationship 
between breast cancer and fat intake does not necessarily hold true at the 
individual level (Luke, 2004). There is also the contrasting phenomenon 
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described as the “atomistic fallacy” wherein inferences are made about the group 
based on individual level observations, when in fact these relationships do not 
always hold true. There is a defined distinction between properties of 
"collectives" and "members" (Lazarsfeld & Menzel, 1969).  
For the purposes of this study, it was presumed that individuals that 
belonged to the same context or clinical work setting shared variance that was 
accounted for by their context or work setting. This violates the assumption of 
independence. Presuming independence of the observations without accounting 
for context would put the researcher at risk for inference bias or error, producing 
bias in the standard errors of the coefficients and thus biasing tests of 
significance. Consequently, aiming to respect the relatedness yet distinctiveness 
between individuals and groups, the multilevel model differentiates between 
compositional (how people can affect places) and contextual (how places can 
affect people) effects (Raudenbush & Bryk, 2002). Accordingly, multilevel 
modeling addresses the violation of the independence assumption by allowing for 
correlated errors (i.e. individual and group effects are both explicitly modeled).  
Model 1 included the individual level (Level 1) outcome variable of the 
teamwork climate domain score, and Model 2 included the individual level (Level 
1) safety climate domain score as the outcome variable. The sequencing of the 
model build followed. The Level 1 predictor variables were added to the 
equations to build each of the two models. The next step was to build the group 
level (Level 2) regression equation into the model by introducing Level 2 
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predictors of the random intercept. The basic Level 1 regression equation was Yij 
= β0j + β1j(X1ij) + eij where: 
• Yij was the score on the outcome variable for an individual, nested 
within the clinical work setting. 
• Xij was a Level 1 predictor. 
• β0j was the intercept of the outcome variable in clinical work setting j 
(Level 2). 
• β1j was the slope for the relationship in clinical work setting j (Level 2) 
between the Level 1 predictor(s) and the outcome variable. 
• eij referred to the random errors of prediction for the Level 1 equation. 
The basic Level 2 regression equation linked the Level 1 and Level 2 equations 
by substitution into a reduced form: β0j = γ00 + γ01 Wj + u0j ; β1j = γ10 + u1j where: 
• γ00 was the overall intercept. 
• Wj was the Level 2 predictor. 
• γ01 was the regression coefficient (slope) between the Level 2 
predictor(s) and the outcome variable. 
• u0j referred to the random error component for the deviation of the 
intercept of a clinical work setting from the overall intercept. 
• γ10 was the average slope of the outcome variable associated with the 
Level 1 predictor(s). 
• u1j referred to the error component for the slope (the deviation of the 
clinical work setting slopes from the overall slope). 
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Starting with a null model (random intercepts; no predictors), the ICC was 
calculated for each model. The ICC determined the proportion of between group 
variance to total variance for both the individual teamwork climate domain scores 
and the individual safety climate domain scores. It can also be thought of as the 
average expected correlation of the outcome for two members of the same 
group. The equation for ICC represents the variance between the Level 2 groups 
divided by the sum of the between group variance added to the within group 
variance. The ICC is commonly used as a threshold to determine whether a 
multilevel model approach to the analysis is warranted (Heck, Thomas, & 
Tabatha, 2014) and accordingly, was used to validate the appropriateness for the 
multilevel model as the analytic approach selected for this study.    
Model estimation methods used were the restricted maximum likelihood 
(REML) given the low number of groups (N = 7), as this was more appropriate 
than maximum likelihood (ML), which is more sensitive to small sample sizes. 
One prior study suggested that ML may require at least 48 groups in Level 2 
(Browne & Draper, 2000). A combination of significance tests for parameters, 
improvement in model fit, and explained variance criterion were used, each with 
its limitations. These tests of significance for model fit were used as each new 
variable was added or removed, following the recommendations of Heck, 
Thomas, and Tabatha (2014). The difference in deviance statistic (D) between 
each subsequent model is distributed as chi-square with the degrees of freedom 
(df) equal to the difference in number of parameters (q) between the models to 
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be compared (D0 – D1) ~ Χ2 (df = q1 – q0). In other words, a significant Χ2 
indicates that inclusion of the additional parameter(s) improved model fit or that 
the removal of them decreased model fit significantly. Generally speaking, 
according to Snijders and Bosker (1999), D must be at least twice the number of 
parameter estimate difference between the two models to consider the fit 
improved. Currently, there is lack of consensus on optimum effect size statistic in 
multilevel modeling for global or local estimation. Recommendations based on 
key multilevel modeling expert resources were used to calculate effect sizes to 
correspond to the test statistics (Raudenbush & Bryk, 2002; Singer & Willett, 






This was a cross-sectional multilevel research study of geographically-
dispersed and characteristically diverse acute care clinical work settings. The 
work settings were explored both at the individual and group level by secondary 
analysis of two different survey data sets: 1) the Teamwork Climate and Safety 
Climate survey, and 2) a social network survey with responses to the question 
”Over this past year, who have you reached out to when you had a concern 
about a patient’s safety?” 
This chapter begins with the descriptive statistics for each work setting. All 
study variables are described, including analysis of variance and post hoc tests 
to confirm differences across the groups and bivariate correlation to check for 
multicollinearity. This is followed by an overview of the multilevel modeling, 
hypothesis testing, and model residual diagnostics. This chapter also includes a 
summary of the small volume of qualitative comments from the Teamwork 
Climate and Safety Climate survey and the social network maps, metrics, and 
interpretation by the researcher of the seven different acute care clinical work 
settings. An overall summary of results concludes this chapter.  
Descriptive Statistics 
Sample 
The seven different clinical work settings represented five hospitals in the 
states of Washington and California. The critical care unit (N = 35) was from a 
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hospital with 183 acute care beds, a 200-bed sub-acute unit, and a 25-bed 
psychiatric unit. One of the emergency departments (N = 144), the cardiac 
catheterization lab (N = 40), and the diagnostic radiology department (N = 23), 
were all located in one hospital with 390 acute care beds and an 18-bed 
psychiatric unit.  Another emergency department (N = 62) was from a hospital 
with 56 acute care beds. The neurological acute care unit (N = 92) was from a 
hospital with 125 acute care beds and a 10-bed psychiatric unit, and an 
obstetrical unit (N = 63) was from a hospital with 80 acute care beds,  
The demographic characteristics (covariates) of caregiver type, gender, 
usual shift, and years in this clinical work setting are described for each individual 
work setting and for the overall population of respondents. As part of the analysis 
for missing variables, chi-square statistics through crosstabulation in IBM SPSS 
21 were run for all demographic characteristics to determine whether those with 
or without missing values were different than the rest of the sample. There was 
no significant difference across the demographic variables (caregiver type, 
gender, usual shift, years worked in this clinical setting), and the presence or 
absence of values for the two social network metrics used in this study (indegree 
centrality, integration). The counts and percentages for all demographic variables 
(covariates) are provided in Table 4.1. As can be seen in the table, there is 
notable variation across the work settings in group size, composition, degree of 











































































































































   
   
   
   
   
   
   
   
   
   
   
   
   














































































































































































































































































































































































































































































































































































































































































































































































All study variables are discussed as they relate to the study design. This 
encompasses the outcome variables of teamwork climate and safety climate at 
the individual level (Level 1), predictor variables of integration and indegree 
centrality (Level 1), and predictor variables of group network density, average 
path length, and clustering coefficient (Level 2). The covariates of caregiver type, 
gender, usual shift, and years worked in this clinical setting (Level 1) were 
previously addressed in this chapter, although between group analysis of 
variance (ANOVA) is conducted for each outcome variable and included below. 
Outcome Variables 
The data set from the Teamwork Climate and Safety Climate survey 
consisted of individual scores for each of the 13 survey items, a calculated 
individual domain score for each of the teamwork climate and safety climate 
domains, as well as the aggregated domain scores at the clinical work setting 
level. The aggregate work setting domain scores were not used in the data 
analysis or hypothesis testing although they are presented as part of the 
additional analyses with the sociograms, or social network maps, for each clinical 
work setting later in this chapter.  
Individual teamwork climate and safety climate domain scores were run by 
demographic characteristics as originally gathered in the datasets. Simple t-tests 
for differences informed collapsing of the caregiver type groups and years 
worked in this clinical setting to then allow for dummy coding for the multilevel 




either teamwork climate or safety climate, so were collapsed into one category 
with N = 174. Technicians, therapists, administrative and clinical support were 
also collapsed into one category with N = 82. This simplification of the caregiver 
type categories also aligns with the literature that describes the difference in 
perception of teamwork climate and safety climate between administrators and 
nurses, and between physicians and nurses (Sexton, 2006). The categories of 
years worked in this clinical setting were reduced to four with (1) < 5 years with N 
= 77, (2) 5-10 years with N = 61, (3)11-20 years with N = 46, and (4) 21 years or 
> with N = 42. Results are described for each outcome variable in the sections 
that follow. 
Teamwork Climate 
The individual scores for each of the six survey items within the teamwork 
climate domain were used to calculate a single domain score for each individual 
in the study. The calculation method used was based on the work of Cohen and 
colleagues (1999) as Percent of Maximum Possible (POMP). This calculation 
method was described fully in Chapter III and actual results are shown below in 
Table 4.2. According to POMP methodology, if a response to any of the six 
survey items was missing for an individual, the entire domain score was deleted 
form the calculation. This reduced the valid N to 315 of the 338 total respondents 
for this variable. Within this set, the teamwork climate domain revealed two 
extreme values, both at the low end of the range. Through the examination of 




were two different individuals (one female registered nurse, and one male clinical 
support care provider) from two different clinical work settings. The registered 
nurse had worked in her clinical setting for less than two years, and the other 
individual had worked in his clinical setting for five years. The extreme values 
were considered insignificant in their influence and remained within the models 
through the final analyses. Based on the researcher experience, it is not 
uncommon to see small numbers of extremely low scores for either teamwork 
climate or safety climate domains, and is reflective of the reality of the clinical 
work setting. Teamwork climate domain scores were also described by caregiver 
type, gender, usual shift, and years worked in this clinical setting and are shown 
below in Table 4.3.  
The mean teamwork climate domain score across all clinical work settings 
is 80.44 (R = 79.17, SD = 17.39). The data were also negatively skewed (-.85) 
with kurtosis of -.03. The caregiver type differences reveal the physician group (N 
= 23) to have a range of 29.17 and SD = 8.75. The nurses (N = 174) show a 
range of 79.17 and SD = 18.18. Other notable observations were with the 
variable of years worked in the clinical setting. Respondents that worked in their 
clinical setting less than five years included a low score of 20.83. Those that 
worked in their clinical setting 21 years or longer reflect variability of perceptions 
of teamwork climate with a range of 58.33 and SD = 16.58.  
The demographic covariates across the work settings were tested for 




There were significant differences revealed between caregiver type (F = 5.797; p 
= .001). To determine effect size, eta squared was calculated. Eta squared = the 
sum of squares between groups / the total sum of squares. For caregiver type 
differences, eta squared = 5036.237 / 94908.730 = .05; which is a small to 
medium effect size in Cohen’s terms (Pallant, 2013). Post hoc comparisons with 
the commonly used Tukey’s HSD test indicated that nurses (N = 185, M = 78.54, 
SD = 17.97) and clinical support personnel (N = 87, M = 79.60, SD = 17.57) 
reported significantly different teamwork climate scores than physicians (N = 27, 
M = 91.51, SD = 8.91). 
There was no significant difference found in teamwork climate domain 
scores based on gender. There were significant differences revealed between 
the usual shift worked for the teamwork climate domain score (F = 3.560; p = 
.015). Eta squared = 3148.417 / 94524.781 = .03; again a small effect. Post-hoc 
comparisons using the Tukey’s HSD test indicated that the mean teamwork 
climate score was significantly different between those that usually worked 
evening shift (N = 33, M = 86.11, SD = 12.13) and those that usually worked 
night shift (N = 76, M = 76.37, SD = 18.11). There were no significant differences 
in teamwork climate domain scores among the groups reporting the different 
number of years worked in their clinical setting. 
Table 4.2. Teamwork Climate Domain Scores at the Individual Level  
N Mean SD Min Max Range Skew Kurtosis 






Table 4.3. Teamwork Climate Domain Scores by Demographic Covariates 
 N Mean SD Min Max Range ANOVA 
CG Type       F = 5.797; p = .001* 
Administrators 16 88.28 10.99 58.33 100.00 41.67  
Nurses 174 78.21 18.18 20.83 100.00 79.17  
Physicians 23 91.85 8.75 70.83 100.00 29.17  
Support, Clinical 82 79.37 18.03 37.50 100.00 62.50  
Gender       F = 2.998; p = .085 
Male 89 82.58 16.85 41.67 100.00 58.33  
Female 206 79.09 17.96 20.83 100.00 79.17  
Usual Shift       F = 3.560; p = .015* 
Day 156 79.83 18.10 29.17 100.00 70.83  
Evening 31 86.29 12.51 50.00 100.00 50.00  
Night 72 75.69 18.19 20.83 100.00 79.17  
Variable 35 84.64 16.44 33.33 100.00 66.67  
Years in WS       F = 1.861; p = .137 
< 5 years 77 77.65 18.51 20.83 100.00 79.17  
5-10 years 61 81.49 17.70 37.50 100.00 62.50  
11-20 years 46 77.63 18.95 37.50 100.00 62.50  
21 years or > 42 84.72 16.58 41.67 100.00 58.33  
*Significant at the .05 level 
Safety Climate 
The individual domain scores across safety climate calculated as Percent 
of Maximum Possible (Cohen et al., 1999) are shown below in Table 4.4. The 
safety climate domain also revealed two extreme values at the low end of the 
range. In examination of whisker plots, the extreme cases were two female 
registered nurses in the same clinical work setting. The registered nurses had 
worked in their respective care setting for less than two years. The extreme 




within the models through the final analyses. Based on the researcher’s 
experience, it is not uncommon to see small numbers of extremely low scores for 
safety climate domains and this is reflective of the clinical work setting reality. 
Safety climate domain scores were also described by caregiver type, gender, 
usual shift, and years worked in this clinical setting and are shown below in Table 
4.5. 
The mean safety climate domain score across all clinical work settings is 
80.93 (R = 67.86, SD = 16.16). These domain scores also are negatively skewed 
(-.82) with a kurtosis of -0.07. The caregiver types revealed that the physician 
group (N = 23) responded within a range of 46.43 and SD = 14.24. The nurses 
(N = 174) and clinical support staff (N = 82) appear to vary similarly in their 
perceptions of safety climate, with a range = 67.86; however the SD = 15.93 for 
the nurses and SD = 17.66 for the clinical support staff. Other notable 
observations were with the variable of years worked in the clinical setting. 
Respondents that worked in their clinical setting 21 years or longer reflected a 
range of 35.71 and SD = 10.97.  
Demographic covariate across the work settings were tested for 
differences in safety climate domain scores using between groups ANOVA. 
There were no significant differences revealed between caregiver type, gender, 
or usual shift for the safety climate domain scores. There was a significant 
difference for years worked in the clinical setting for safety climate (F = 3.954; p = 




would be considered a small to medium effect size. Post-hoc comparisons using 
the Tukey’s HSD test indicated that the mean safety climate score was 
significantly different for those that worked in their clinical setting less than 5 
years (N = 80, M = 78.53, SD = 16.06) and between 5-10 years (N = 65, M = 
80.33, SD = 16.10) as compared to those 21 years or greater (N = 44, M = 88.15, 
SD = 11.05).  
Table 4.4. Safety Climate Domain Scores at the Individual Level  
N Mean SD Min Max Range Skew Kurtosis 
308 80.93 16.16 32.14 100.00 67.86 -.82 -.07 
 
Table 4.5. Safety Climate Domain Scores by Demographic Characteristics 
 N Mean SD Min Max Range ANOVA 
CG Type       F = 1.927; p = .125 
Administrators 16 89.29 14.05 42.86 100.00 57.14  
Nurses 174 80.56 15.93 32.14 100.00 67.86  
Physicians 23 83.85 14.24 53.57 100.00 46.43  
Support, Clinical 82 79.01 17.66 32.14 100.00 67.86  
Gender       F = .205; p = .651 
Male 89 80.50 15.93 32.14 100.00 67.86  
Female 206 81.02 16.51 32.14 100.00 67.86  
Usual Shift       F = 1.276; p = .283 
Day 156 81.16 16.78 32.14 100.00 67.86  
Evening 31 83.07 15.84 35.71 100.00 64.29  
Night 72 77.88 16.30 32.14 100.00 67.86  
Variable 35 83.27 14.28 53.57 100.00 46.43  
Years in WS       F = 3.954; p = .009* 
< 5 years 77 78.25 16.17 32.14 100.00 67.86  
5-10 years 61 79.98 16.36 32.14 100.00 67.86  
11-20 years 46 81.99 16.17 42.86 100.00 57.14  
21 years or > 42 88.18 10.97 64.29 100.00 35.71  





Level 1 Individual 
The original hypotheses focused on the centrality measures, and based 
on robustness and relevance of indegree centrality and integration, and the 
construct they represent, these two metrics are addressed in the analysis and 
results that follow in Chapters IV-V. Due to the unique context-specific nature of 
these individual network metrics, and given that the values were based solely on 
network size and composition of the respondents, these metrics are not 
considered meaningful in a comparison across networks. For this reason, they 
are more fully described later, along with the rationale for transforming these 
individual network metrics using Z-score methodology for purposes of the 
multilevel analysis. Below (Table 4.6) is a summary of the individual network 
metrics of indegree centrality and integration for the survey item: “Over this past 
year, who have you reached out to when you had a concern about a patient’s 
safety?” Skewness and kurtosis are noted for both metrics, with integration 
demonstrating extreme values.  
Table 4.6. Social Network Metrics at the Individual Level 
Metric N Mean SD Min Max Range Skew Kurtosis 
Integration 334 366.88 570.10 14.00 7864.00 7850.00 7.66 90.94 
IDC 334 28.99 11.72 0.00 51.00 51.00 -.13 -.63 
 
Level 2 Work Setting 
The group level network metrics of density, average path length (APL), 




sociogram for each of the seven work settings. The results for the survey item: 
“Over this past year, who have you reached out to when you had a concern 
about a patient’s safety?” are noted in Table 4.7, including the potential and 
actual number of ties for calculating density for each group (McCarty, 2002). 
Table 4.7. Social Network Metrics at the Work Setting Level 
Network Metric WS 1 WS 2 WS 3 WS 4 WS 5 WS 6 WS 7 
Group Size* 36 42 142 40 64 92 62 
Potential Ties 2162 1722 20022 1560 4032 8372 3782 
Actual Ties 181 180 980 178 525 1525 335 
Density 0.14 0.10 0.05 0.11 0.13 0.18 0.09 
APL 2.79 2.85 2.79 2.42 1.98 2.29 2.34 
CC 0.39 0.44 0.27 0.28 0.32 0.47 0.45 
*Group sizes provided are excluding isolates within each network 
Bivariate Correlation 
All Level 1 and Level 2 study variables were tested for correlation with 
results shown in Table 4.8. Bivariate correlation between the individual teamwork 
climate domain scores and the individual safety climate domain scores showed a 
Pearson Correlation of .759, significant at the 0.01 level (two-tailed). With an R2 
of 0.576, this reflects the similarities of the constructs between the two domains 
that account for 58% of the shared variance between individual scores. Given 
this high correlation between the outcome variables, Cronbach’s alpha as a test 
for internal consistency was conducted and found to be 0.88 between the 13 
items of both domains. An exploratory factor analysis to check dimensionality 




accounts for 76.69% of the variance across all 13 items. Discussion of the 
opportunity for greater parsimony in future analyses is presented in Chapter V. 
Significance at the 0.01 level (2-tailed) was revealed between Level 1 
variables of integration and indegree centrality (R = .216). In Level 2, density and 
average path length (R = -.625), density and clustering coefficient (R = .728), and 
average path length and clustering coefficient (R = -.369) were significantly 
correlated. With the significant bivariate correlation between density and 
clustering coefficient > .7, clustering coefficient was omitted from the multilevel 
modeling analysis plan (Pallant, 2013). In checking for multicollinearity, all 
variables retained acceptable tolerance (well above .10) and revealed variance 
inflation factors within range (VIF < 10).  
Table 4.8. Correlation Matrix 
Level 1 TC SC Integration IDC    
TC 1       
SC .759* 1      
Integration .167 .172 1     
IDC .124 .117 .216* 1    
Level 2     Density APL CC 
Density     1   
APL     -.625* 1  
CC     .728* -.369* 1 
*Correlation is significant at the 0.01 level (2-tailed). 
Multilevel Modeling 
This type of regression approach was more suitable for this study than the 
standard single level regression given the complex dynamic interplay of 




require data to be analyzed at more than one level (i.e. an individual nested in 
the context of the clinical work setting).  
Statistical Considerations 
Statistical power in multilevel models varies based on fixed vs. random 
effects, effect size and ICC, changes per number of individual and group 
observations, and the balance of Level 1 within Level 2 units. The same power 
may be achieved with different balances of Level 2 and Level 1 sample sizes and 
different total numbers. 50/20 and 100/10 result in the same number of cases, 
yet require different trade-offs to achieve. One proportion may be more 
appropriate or feasible than another, depending on the study.  
Power is more heavily influenced by the number of Level 2 groups than by 
Level 1. For accurate standard errors for Level 2 variances, a large Level 2 
sample size is required. Van der Leeden, Busing, and Meijer (1997) suggest a 
Level 2 sample size > 100. For accurate fixed effects, Hox (1991) suggests far 
fewer than 100 Level 2 units are necessary to avoid bias in point estimates. 
Kreft’s (1996) rule of thumb was known as the “30/30” rule, which is useful when 
fixed effects are of primary interest: aim for at least 30 groups with 30 Level 1 
units within each group. Intercepts and slopes associated with Level 1 predictors 
benefit from having more Level 1 units. Slopes of Level 2 predictors benefit from 
having more Level 2 units. Kreft (1999) also stated a minimum of 90 Level 2 units 
were necessary for detecting cross-level interactions. The bottom line is that 




That said, the small number of Level 2 groups in this study (n = 7) inherently 
limited the significance of potential findings, particularly in terms of Level 2 
effects, encouraging substantial caution in interpretation. 
Building Multilevel Models 
The next steps involved building the multilevel models for testing each 
hypothesis. Initial analysis included determination of the intraclass correlation 
(ICC) for the individual teamwork climate domain scores and individual safety 
climate domain scores to assess degree of variance between the groups 
compared to variance within the groups. The ICC for individual teamwork climate 
domain scores across the work settings was calculated [26.9166 / (26.9166 + 
281.8139) = 0.09322] to be 9.3%. The ICC for the individual safety climate 
domain scores across the work settings was calculated [16.9736 / (16.9736 + 
247.6208) = 0.06415] to be 6.4%. The individual teamwork climate domain 
scores appeared to vary more between groups than the individual safety climate 
domain. A commonly used threshold value for the ICC of at least 5% variance 
between groups as a decision point for utility of using a multilevel model for 
analysis rather than simple regression has been cited (Heck, Thomas, & 
Tabatha, 2014). It was confirmed through the ICCs for individual teamwork 
climate and individual safety climate that multilevel analysis would be an 
appropriate approach for further investigation of the research questions across 
the groups included in this study given the nested nature of the individuals within 




sequential progression to test whether individual centrality measures in networks 
that reflect trust and advice-seeking related to patient safety and group density 
are associated with perceptions of teamwork climate or safety climate, as the 
outcome variables.  
Multilevel Model Hypothesis Testing 
The research question for this study asked: Are social network properties 
related to perceptions of teamwork climate and safety climate in the acute care 
clinical work setting? Several methods for determining relationship across these 
variables were explored with the intent to address each stated hypothesis. 
Hypothesis One: Social Network Individual Centrality and Group Density 
are Positively Associated with Perceptions of Teamwork Climate in the 
Acute Care Clinical Work Setting 
To test hypothesis one, the first multilevel model was initiated. First, the 
basic unconditional (null) multilevel model was analyzed, producing an intercept 
estimate = 79.59 (SE = 2.24), and ratio of between to within group variance (ICC) 
of 9.3% as previously stated. The model fit criteria in smaller is better forms (-2* 
log likelihood = 2677.34; Schwarz's Bayesian Criterion [BIC] = 2688.84) were 
noted and compared with the successive models. Next, indegree centrality and 
integration were added to the model. Caregiver type, gender, usual shift, and 
years worked in this clinical work setting were sequentially added as covariates, 




estimation used to conduct tests of significance on model fit with addition or 
removal of variables (Heck, Thomas, & Tabatha, 2014).  
Significance tests and changes in variance with each modification to the 
model were also considered in final decisions about model fit. Neither gender nor 
years in the clinical work setting explained significant variance in the outcome or 
improved model fit, and were removed from the final model. Next, random slopes 
for integration and indegree centrality were added, but neither showed significant 
influence or improvement in model fit. The Level 2 predictors of density and 
average path length were then added. Each was tested one at a time in 
consideration of the small number of groups at Level 2 overall. Despite the 
individual sequencing, neither yielded significant effect nor improved model fit 
based on calculation of the deviance statistic; therefore density and average path 
length were also removed from the final model.  
In finalizing the model, parsimony and best fit must be balanced. A test of 
removing any remaining non-significant variables was conducted through use of 
deviance statistic. This resulted in removing the Level 1 predictor of indegree 
centrality, as it had lost significance with the addition of integration and the 
demographic covariates into the model. The deviance statistic also indicated lack 
of significance when removing indegree centrality from the model. The resulting 
final model estimates are shown below (Tables 4.9-4.10). Relative to the null 
model, residual variability was reduced from 281.81 to 258.36. An R2 for a global 




proportional reduction in prediction error (Luke, 2004). This is a sporadically 
reported summary measure for model fit (Bickel, 2007), however it is relatively 
simple to calculate and is included here for support of the final model decision; 
along with the model fit criteria and statistical significance considerations. The 
calculated R2 = 1 - (Level 1 residual + Level 2 variance from the final model) / 
(Level 1 residual + Level 2 variance from the null model) * 100. In the case of this 
Level 1 model, R2 = 1 – (258.36 + 31.88) / (281.81 + 26.92) * 100 = 6.0% 
reduction in prediction error than if individual teamwork climate was described 
without regard for the individuals’ clinical work settings. By virtue of the residual 
estimates of the Model 1 of 258.36 compared to the null model, the model 
provides a more robust explanation of the variables that influence teamwork 
climate, and accounts for the nesting of the individuals within the clinical work 
settings. 
Results from Model 1 show support for part of hypothesis one, in that 
integration, an individual centrality measure, appears to have a significant 
positive influence on the individual perceptions of teamwork climate (t ratio = 
16.65, p = 0.009).  For each one standard unit increase in integration score, there 
is a 2.70 percent of maximum possible units predicted increase in individual 
teamwork climate.  
An approach recommended for local effect size estimation is the 
proportional reduction in variance (PRV) statistic (Raudenbush & Bryk, 2002; 




for comparison as is the case with use of Cohen's d or eta squared in ANOVA or 
multiple regression analysis. Specifically, in multilevel modeling, this can be 
computed based on the following equation: PRV = (variance without the predictor 
– variance with the predictor) / variance without the predictor. For Model 1 in this 
study, this is calculated as: (281.81. - 273.75) / 281.81.The results show a 2.9% 
proportional reduction in variance with the addition of the predictor of integration 
on teamwork climate domain scores in the clinical work settings.  
The PRV for the addition of the covariate of caregiver type = (272.89 - 
260.13) / 272.89 which results in another 4.7% proportional reduction in variance 
when examining the relationship of integration with teamwork climate domain 
scores in the clinical work settings. Caregiver type, specifically, varies 
considerably across the work settings in this study. Although no statistically 
significant influence on individual teamwork climate was found when examining 
in light of usual shift and individual network attributes, the PRV indicates an effect 
size at least greater than the effect of integration alone. Administrators (serving 
as the reference group) and physicians show a more positive association to 
individual teamwork climate as compared to the negative association seen in 
nurses or the clinical support personnel. With the addition of usual shift to the 
model, the PRV as an estimation of individual effect size for usual shift = 272.89 - 
264.74) / 272.89. This results in a 3.0% proportional reduction in variance with 
this additional covariate. With a t ratio = 1.95 and p = 0.05, the influence of 




the confidence interval = -0.04. The adjusted mean individual teamwork climate 
when controlled for caregiver type and usual shift is 84.57 as compared to the 
unadjusted mean of 79.60 in the null model. In terms of the second part of 
hypothesis one, that density is related to individual teamwork climate, results 
were not significant and therefore not in support.  
Table 4.9. Model 1: Estimates of Fixed Effects  
Parameter Est. 
Std. 
Error df t Sig. 
95% CI 
Lower  Upper 
Intercept 84.57 5.08 87.57 16.65 0.00 74.47 94.67 
Integration 2.70 1.03 303.11 2.63 0.01 0.68 4.72 
Nurses -6.93 4.84 306.94 -1.43 0.15 -16.45 2.58 
Physicians 6.58 5.85 305.55 1.12 0.26 -4.94 18.09 
Clinical Support -4.34 5.02 306.13 -0.86 0.39 -14.22 5.54 
Evening Shift 6.33 3.24 306.91 1.95 0.05 -0.04 12.71 
Night Shift -3.44 2.34 306.98 -1.48 0.14 -8.04 1.15 
Variable Shift -1.92 3.18 306.56 -0.60 0.55 -8.18 4.34 
1Reference group for caregiver type = Administrators 
2 Reference group for Usual Shift = Day Shift 
 








Residual 258.36 21.08 12.26 0.00 220.19 303.16 
Intercept [WS] Variance 31.88 24.09 1.32 0.19 7.25 140.19 
 
Hypothesis Two: Social Network Individual Centrality and Group Density 
are Positively Associated with Perceptions of Safety Climate in the Acute 
Care Clinical Work Setting 
A similar approach was taken for building the next model. First, the null 




between to within group variance (ICC) of 6.4%. The model fit criteria in smaller 
is better forms were noted (-2* log likelihood = 2576.73; BIC = 2488.18) and 
successive models compared. Next, indegree centrality and integration were 
added to the model. Caregiver type, gender, usual shift, and years worked in this 
clinical work setting were sequentially added as covariates, with deviance 
statistic (D) as -2* log likelihood and maximum likelihood estimation used to 
conduct tests of significance on model fit with addition or removal of variables 
(Heck, Thomas, & Tabatha, 2014). Significance tests and changes in variance 
were considered in final decisions on the model.  
Neither gender, usual shift, or caregiver type were significant or improved 
model fit based on the deviance statistic and were ultimately excluded. Next, 
random slopes for integration and indegree centrality were added, but neither 
showed significant influence or improvement in model fit. The Level 2 predictors 
of density and average path length were then added. Each was tested one at a 
time in consideration of the small number of groups at Level 2 overall. Despite 
the individual sequencing, neither yielded significant effect nor improved model fit 
based on calculation of the deviance statistic; therefore density and average path 
length were also removed from the final model.  
As in Model 1, parsimony and best fit were the guiding factors in finalizing 
Model 2. Removing any remaining non-significant variables was tested through 
use of deviance statistic. This again resulted in removing the Level 1 predictor of 




the demographic covariates into Model 2. The deviance statistic also indicated 
lack of significance when removing indegree centrality from the model. The 
resulting final estimates for Model 2 are shown below (Tables 4.10-4.11) and 
include a reduction of residual variability from the null model of 247.62 to 236.22 
in the multilevel model. The R12 calculated as the proportional reduction in 
prediction error in this Level 1 model is R12 = 1 – (236.22 + 17.14) / (247.62 + 
16.97) * 100 = 4.2% reduction in prediction error than if individual safety climate 
were described without regard for the individuals’ clinical work settings.  
Results from Model 2 show support for the first part of hypothesis two, in 
that integration, an individual centrality measure, appears to have a positive 
influence on the dependent variable of individual perceptions of safety climate (t 
ratio = 1.96, p = 0.05). For each one standard unit increase in integration score, 
there is a 2.02 unit of percent maximum possible predicted increase in individual 
safety climate. The local effect estimation for integration in Model 2 can be 
calculated as: PRV = (247.62 - 240.31) / 247.62 * 100 = 3.0% proportional 
reduction in variance with the addition of this predictor of integration on safety 
climate domain scores in the clinical work settings. With the addition of the 
covariate of years worked in the clinical setting to the model, the PRV as an 
estimation of individual effect size = 240.31 - 236.22) / 240.31. This results in an 
added 1.7% proportional reduction in variance with this additional covariate. With 
a t ratio = 1.94 and p = 0.05, the influence on individual safety climate of those 




working the longest in the work setting, relative to the reference group (those 
working fewer than 5 years), reported 5.86 units of percent maximum possible 
increase in safety climate. The adjusted mean individual safety climate when 
controlled for years worked in the clinical setting is 80.91 as compared to the 
unadjusted mean of 81.20 in the null model. Density and average path length 
were not significantly associated with safety climate; therefore the second part of 
hypothesis two is not supported. 
Table 4.11. Model 2 Estimates of Fixed Effects  
Parameter Est. 
Std. 
Error df t Sig. 
95% CI 
Lower Upper 
Intercept 80.91 4.86 16.06 32.59 0.00 75.65 86.17 
Integration 2.39 0.91 298.80 1.96 0.05 0.60 4.18 
5-10 YrsWS -2.05 2.29 299.07 -0.70 0.48 -6.56 2.44 
11-20 YrsWS 0.78 2.92 299.26 0.39 0.70 -4.97 6.53 
> 21 YrsWS  5.86 3.10 297.09 1.94 0.05 -0.25 11.97 
1 Reference group for years worked in this clinical setting = < 5 years 
 
Table 4.12. Model 2: Estimates of Covariance Parameters  
Parameter Est. 
Std. 
Error Wald Z Sig. 
95% CI 
Lower Upper 
Residual 236.22 19.38 12.19 0.00 202.05 279.17 
Intercept [WS] Variance 17.14 13.82 1.24 .22 3.53 83.25 
 
Model Diagnostics 
Model diagnostics were completed to identify and ascertain relative 
importance of outliers, to assess attributes of residuals and check normality, as 
well as degree of homoscedasticity. Results of the diagnostics conducted on the 
model residuals adequately support the final model fit for both Model 1 and 





With the final Model 1 designed, the extreme cases identified in the early 
descriptive analysis were temporarily removed and the regression re-run. By 
examining the residual variance, it was determined that the influence on the 
results was not substantial enough to delete the cases from the model. Tests for 
normality of residuals were acceptable and provided below (Figures 7-9). Basic 
regression diagnostics included a boxplot of residuals by work setting (WSN) that 
showed a general centering on the mean of 0, albeit with a fair amount of 
variability in size and characteristics between clinical work settings. The 
histogram below shows essential normality of residuals with slight skew, and Q-Q 
Plot demonstrating similar.  
 
 















With the final Model 2 design as noted, again, the extreme cases identified 
in the early descriptive analysis were temporarily removed and the regression re-
run. Through examining the residual variance and running the regression with 
and without the extreme values, it was determined that the influence on the 
results was not substantial enough to delete the cases from the model. Tests for 
normality of residuals were acceptable and are shown below (Figures 10-12). 
Basic model diagnostics included a boxplot of residuals by work setting (WSN) 
that showed a general centering on the mean of 0, again with a fair amount of 
variability in size and characteristics between clinical work settings. The 
histogram below shows essential normality of residuals with slight negative skew, 
and Q-Q Plot demonstrating similar.  
 
 








Figure 11. Model 2 Diagnostics: Histogram of Residuals 
 
 




Additional Analysis: Qualitative Comments 
The Teamwork Climate and Safety Climate survey provided a free text 
response option at the end of the electronic survey to add “any additional 
comments about patient safety in your area.” The available comments were 
reviewed for content and common themes. In general, the comments indicated 
individuals’ perception of a supportive work place, with a focus on safety. For the 
most part, subjects responded that this organization was a good place to work 
and there was a sense of teamwork and support. Comments like this were 
common: “I enjoy working with the physicians and learning from their expertise. I 
have a good working relationship with the nurses and they are very supportive in 
my role. I think overall we work well as a team. We are formulating a process to 
address ongoing issues. It is a work in progress” (Subject 171). A comment by 
Subject 76 was similar in scope: “This is a very supportive, professional place to 
work. I am very pleased that I am here. I have great supervision and wonderful, 
professional, co-workers. We do best-practice and encourage each other in 
excellent service. I am proud of my work, my team, and the hospital. I regularly 
refer others to seek treatment here.”  
There were other smaller trends in the comments, which were mostly 
either about how the department functions or about issues with other staff, 
including doctors and charge nurses. There are also a number of comments 
about how the department functions. A few respondents discussed issues 




have to stop and do the paperwork while they are with a patient, which slows 
down the process. Respondent 121 commented: “Physicians are often 
interrupted and pulled away from patient care to do secretarial work. This 
interrupts their thought process and work flow when trying to make important 
patient care decisions. It also requires that they spend less time with patients.” 
The issue raised by this respondent also continued concern that this distraction 
from work flow can lead to errors and possible patient harm.  
Other respondents wrote about how safety is practiced, including one 
response that gave a step-by-step narrative of the process. Still others talked 
about issues with equipment, including moving it when it was not a good time for 
the patients, as well as the need for additional staff during certain shifts. Finally, 
several respondents talked about how time consuming documentation was, 
including electronic incident reporting, which was seen as difficult because of the 
time required to complete it. 
Several respondents mentioned the event review process, especially as it 
is related to issues or mistakes. Comments of this type tended to focus on the 
process of evaluating issues and mentoring people to ensure that there are no 
mistakes made in the future. A comment from Subject 191 summarizes this 
theme nicely: “From my mistake and feeling supported in the learning process, 
there was a process change to ensure the same mistake was not repeated by my 
colleagues. I appreciate our culture of safety, by educating instead of 




environment.” Generally, the comments of this type focused on dealing with 
issues concerning how supportive the team was, how employees felt that they 
were helped during the process, and how employees were educated about how 
to ensure that mistakes were not made again. 
A number of the respondents talked about hierarchies and 
communication. These respondents mentioned that they feel like issues about 
equipment and policies are only heard in the department meetings, but never 
brought any further. This issue was linked to stated concerns about charge 
nurses. Respondents indicated charge nurses are not always available to help 
when needed. One respondent (Subject 303) specifically mentioned that one of 
the charge nurses was unsafe. Several other respondents felt like there needed 
to be a stronger connection to managers and that the managers needed to hear 
what they were saying as a way to ensure safety.  
Overall, communication, teamwork, safety practices and effective learning 
from mistakes were significant themes to emerge from the qualitative comments, 
with respondents providing either positive or negative comments on these issues. 
In general, the comments conveyed that communication could be better in an 
effort to ensure that everyone was on the same page in the work setting to be 
able to provide safer care, including the charge nurses and managers. 
Additional Analysis: Social Network Maps 
What follows is a presentation of each network map generated by the 




Figures 13-19, in response to the survey item: “Over this past year, who have 
you reached out to with a concern about a patient's safety?” In the case of this 
study, the maps generated each reflect a separate work setting and the different 
caregiver types as shown in the associated legends. Each caregiver type is 
displayed in a different color. Given a unique function of the Smart Network 
Analyzer software that generates these maps, the color will not be consistent for 
every map and every caregiver type. The hierarchy of color assignment has more 
to do with the ordering of the list and presence or absence of specific caregiver 
types in the group that might change the ordering sequence from one work 
setting to another. For this reason, it is important when looking at each map to 
refer to the legend specific to that map.  
When viewing social network maps or sociograms, there are general 
guidelines that are followed to assist in interpretation. These guidelines are 
qualitative rather than quantitative and serve only as a framework for discussion 
about the properties of the network (C. Black, personal communication, 2013). 
The first step is to examine the core or center of the network map and observe 
for diversity of the types of nodes within the core. With that in mind, one looks for 
different caregiver types represented by different color nodes in this core. If there 
is a mixture of colors, the core would be described as “diverse,” indicating 
interdisciplinary interactions at the center of this team. The preferable finding 
would be to see a diverse core which would indicate a healthy interdisciplinary 




indicate a tight knit group of one specific discipline that controls most of the 
communication and interaction. This may be important in certain work settings; 
however, when studying clinical work settings of interdisciplinary teams it is more 
important that each person plays a role in the team communication and 
functioning. As such, a diverse core is the desired state in reference to this study 
on patient safety. 
The next step is to look at the periphery and assess whether there are few 
or many that seem to be on the outside edge; with few, if any connections to the 
others that are closer to the core. Those in the periphery represent isolates that 
appear to be unconnected, for the most part, in relationship to the specific social 
network survey item represented. In this case, again, those that remain in the 
periphery reflect those nodes that are not consistently reached out to with 
concerns about patient safety. Nor, do they necessarily reach out to others with 
such concerns. It is possible in sociograms that those in the periphery may 
represent individuals that did not even respond to the survey, and their node is 
present because someone selected their name in response to the survey item. 
Either way, the periphery generally represents those noted to be somewhat 
disconnected from others for one reason or another. It may be a specific 
discipline, such as administrators as in work setting 1, or physicians may be 
predominantly on the periphery, as seen in work setting 6. It may be specific 
shifts, years worked, or there may be no specific pattern at all; all networks 




Next, it is a good idea to look at the middle ring of nodes; not the core, not 
the periphery, but in between. These are the nodes somewhat connected, though 
clearly not in the center of the interactions, and not completely disconnected, 
either. In reflecting on what is seen in this circle of nodes, are there individuals 
that could contribute more to the team than what appears on the map? An 
example might be physicians; given their expertise it would be logical that they 
would be valuable resources when there is a concern about a patient’s safety. If 
physicians are seen only on the periphery, or even within the middle circle of the 
network, that may point to an opportunity for engaging physicians more 
effectively within the team.  
Another step in the observation of the sociogram is to look for anything 
that surprises you or stands out. For example, in some maps it is very clear that 
there is a segregation of disciplines with most all of one color on one side and 
most all of another color on the other side. Work setting 1 is an example where 
the physicians and registered nurses appear to be quite separate in their 
interactions, with only a few in the core that interact routinely with each other as it 
relates to the concerns about patient safety. There also may be an individual who 
surprises you, someone who appears to be very central to the network whose 
significant role you might not have realized before. This can be noted in maps 
where the nodes are labeled with the individual’s name. For this study, the 
names were removed. For general purposes, however, the beauty of these maps 




helpful to create a social network map and then share it with the team and hold 
discussion as simple as the steps that were just outlined for making observations 
about what is seen. This group process serves not only as a diagnostic tool but 
also a therapeutic tool. Personal experience has shown behavior change through 
simply viewing a map and wanting to become more a part of the core of the 
network after actually visualizing oneself on the periphery. 
Most importantly, the structure and properties of these maps need to be 
viewed in light of the specific survey item they are reflecting. Focus on what each 
item is telling the audience about who is more commonly reached out to with 
concerns about patient safety, in this case. This is one of the many unique 
aspects of social network maps in the clinical work setting. Also as can be seen 
by looking across the series of network maps, there is notable variation across 
the different work settings in visual size, color, patterns, and in all quantitative 
metrics. The group level teamwork climate and safety climate domain scores 
were included to begin providing the complex visual comparatives across these 
two survey data streams. Although this research does not specifically look at the 
group level scores from the Teamwork Climate and Safety Climate survey in 
context of the research question, the scores are included here and will be 
discussed more broadly in Chapter V. In addition, other network comparatives 
across the work settings for density, average path length (APL) and clustering 





Work Setting 1 
There were 36 individuals in work setting 1 that responded to the social 
network survey item “Over this past year, who have you reached out to when you 
had a concern about a patient’s safety?” The demographic results indicate 64% 
of the respondents were registered nurses, the remainder caregiver types were 
spread equally among administrators, physicians, and administrative support 
personnel. The majority of the respondents were female (64%). Most of the 
respondents reported they usually worked day shift (52%) and 32% have worked 
in this clinical setting 21 years or more.  
Key features in this first work setting include the separation between the 
physician and registered nurse nodes (Figure 13). In addition, the administrators 
appear to be generally on the periphery rather than in the core. This network has 
a relatively long average path length, indicating slower information flow than if 
there were a smaller average path length (better to be < 2.0). Teamwork score 
for the group is on the low side, although it is above the threshold of the risk area 
which is < 60.00. This aligns with the visual segregation between key disciplines 
within the network map. Safety climate domain score is on the high side, close to 
maximum, reflecting a high degree of confidence in the organization’s 






































Group Size Potential Links Actual Links Density APL CC TC SC 
36 2162 181 0.14 2.79 0.39 68.00 92.00 
 





Work Setting 2 
There were 42 individuals that responded to the social network survey 
item “Over this past year, who have you reached out to when you had a concern 
about a patient’s safety?” in work setting 2. The demographic results indicate 
34% of respondents were technicians, 25% were registered nurses, and the 
remainder spread between administrators, physicians, clinical and administrative 
support personnel. The majority of respondents were female (54%), and worked 
day shift (92%). The largest portion of the team worked in this clinical setting 
between 5-10 years (38%), and 25% had worked in this clinical setting for 21 
years or more.  
This network demonstrates a diverse core with the interdisciplinary 
interaction including an administrator, technicians, registered nurse, physician, 
and clinical support. Physicians are, however, noted to be mostly on the 
periphery. Other administrators, another nurse, a therapist, and administrative 
support also appear primarily on the periphery. This network has long average 
path length, and low teamwork climate and safety climate domains scores as a 
group, considered at risk if < 60.00. This pattern suggests that the technicians 
reach out to each other more frequently with concerns about a patient, and less 
so to the physicians, as an example. There is not an overall sense of teamwork, 
or of organizational support for patient safety. The social network map with 














Group Size Potential Links Actual Links Density APL CC TC SC 
42 1722 180 0.10 2.85 0.44 60.00 56.00 
 






Work Setting 3 
There were 142 individuals in work setting 3 that responded to the social 
network survey item “Over this past year, who have you reached out to when you 
had a concern about a patient’s safety?” The demographic results indicate 55% 
of respondents were registered nurses, 14% were physicians, and the remainder 
caregiver types were spread between administrators, technicians, clinical and 
administrative support personnel. The majority of respondents were female 
(63%). The largest group usually worked day shift (38%), followed by night shift 
(25%), and 20% reported working evening shift. The largest portion of this 
network reported working in this clinical setting between 5-10 years (19%), 
followed by equal portions reporting 11-20 years (11%) and 21 years or more 
(11%).  
Work setting 3 (Figure 15) shows a large network given the number of 
potential links, yet with a low density with the actual number of links reported. 
This is an example of the general tendency for density to be lower with a larger 
network. The average path length is above 2.0 and the clustering coefficient 
appears slightly lower than noted in the other networks. With this, we also see 
moderately high Teamwork Climate and Safety Climate domains score for this 
group, certainly not in the high risk area. For a larger network, the communication 
structure when reaching out to others about concerns about patient safety seems 







Group Size Potential Links Actual Links Density APL CC TC SC 
142 20022 980 0.05 2.79 0.27 75.00 74.76 
 




Work Setting 4 
There were 40 individuals that responded to the social network survey 
item “Over this past year, who have you reached out to when you had a concern 
about a patient’s safety?” The demographic results indicate 44% of respondents 
were registered nurses, 22% technicians, 17% administrators noted in this 
network map. The majority of respondents were female (67%), and 100% of 
these respondents reported that they worked day shift. The largest portion 
worked in this clinical setting between 11-20 years (39%). There were equal 
numbers reporting 5-10 years (22%) and 21 years or more (22%).  
Work setting 4 (Figure 16) represents the smallest network among the 
sample of clinical work settings participating in this study. The network shows 
only 1560 potential links reflecting the relatively smaller group size. There are 
two registered nurses and an administrative support node in the core, along with 
one administrator. Physicians remain primarily around the second ring of 
interaction, and on one side of the network as compared to the registered nurses 
on the other side. This is similar to what was noted in work setting 1, and 
likewise, the teamwork climate domain score is relatively low. The teamwork 
domain score is above the risk zone (66.67), though not as high as generally 
desired (goal zone is generally above a domain score of 80.00). This network 
also shows many different individual nodes along the periphery with only one 






Group Size Potential Links Actual Links Density APL CC TC SC 
40 1560 178 0.11 2.42 0.28 66.67 72.22 
 






Work Setting 5 
There were 64 individuals in work setting 5 that responded to the social 
network survey item “Over this past year, who have you reached out to when you 
had a concern about a patient’s safety?” The demographic results indicate 63% 
of respondents were registered nurses, 14% were clinical support, and the 
remainder spread between administrators, physicians, technicians, and 
administrative support personnel. The majority of respondents were female 
(65%). The largest portion of respondents worked day shift (37%), and greater 
than 20% reportedly worked night shift and 20% worked variable shifts. The 
remainder reported working evening shift. The portion of those that worked in 
their clinical setting between 5-10 years  was 21%, between 11-20 years was 
21%, and less than 5 years was also 21%. There were 14% of respondents that 
reported working in their clinical setting for 21 years or more.  
Work setting five 5 (Figure 17) illustrates a core comprised of mostly 
registered nurses, with one administrator, one physician, and several in the 
“other” category of caregiver type within the next closest ring to the core. What is 
notable about the periphery of this map is the many connections that most nodes 
on the periphery still have to the core of the network. The average path length is 
below 2.0, indicating a desirable range and reflecting good communication flow. 
This work setting also shows a desirable range for both teamwork climate and 











Group Size Potential Links Actual Links Density APL CC TC SC 
64 4032 525 0.13 1.98 0.32 88.64 88.64 
 





Work Setting 6 
There were 92 individuals in work setting 6 that responded to the social 
network survey item “Over this past year, who have you reached out to when you 
had a concern about a patient’s safety?” The demographic results indicate 61% 
of these respondents were nurses, 23% were clinical support personnel, and the 
remaining respondents were administrators, physicians, and administrative 
support personnel. The majority of respondents were female (73%), and worked 
day shift (57%). There were also 25% of respondents that reported working night 
shift. The largest portion of the team worked in this clinical setting less than 5 
years (36%), the next largest group worked in their clinical setting between 5-10 
years (24%).  
Work setting 6 (Figure 18) shows a dense network with a relatively high 
clustering coefficient. The clustering reflects many smaller groups that are closely 
connected with each other, although not necessarily closely connected with the 
entire network. This can impede communication flow and information transfer 
overall for this network. The core is diverse, with administrators immersed within 
the network. There are no physicians in this group and this could be either due to 
the fact that physicians were not invited to participate, or that none of the 
physicians chose to participate. The teamwork and safety climate scores border 
on the risk zone, and may be a result of the high clustering and average path 










Group Size Potential Links Actual Links Density APL CC TC SC 
92 8372 1525 0.18 2.29 0.47 60.00 60.00 
 






Work Setting 7 
There were 62 individuals in work setting 7 that responded to the social 
network survey item “Over this past year, who have you reached out to when you 
had a concern about a patient’s safety?” The demographic results indicate 68% 
of respondents were nurses, 13% were therapists and 11% were physicians. The 
remaining respondents were administrators, and clinical support personnel. This 
work setting had the largest portion of female respondents (94%). Most of the 
respondents worked day shift (55%), with 32% working evening shift and 13 5 
working night shift. The largest portion of the team were relatively new to this 
clinical setting, worked less than 5 years (45%). There were equal portions 
reporting between 5-10 years (17%), and 11-20 years (17%). The remainder 
reported working in this clinical setting for 21 years or more.  
This work setting (Figure 19) appears less dense than the others; the core 
has many registered nurses and also several physicians, a mix of clinical support 
staff, and an administrator. The average path length is greater than 2.0, 
indicating a longer than desirable communication flow, with many nodes in the 
periphery with only one or two connections. Despite the results in these social 
network group metrics, this team still demonstrates a positive teamwork climate 
and safety climate (both are above the goal zone of 80.00).The distinction may 
be the relatively newer staff and the administrator with high integration into the 







Group Size Potential Links Actual Links Density APL CC TC SC 
62 3782 335 0.09 2.34 0.45 87.23 82.98 
 







 Descriptive and inferential statistics revealed variation of demographic 
characteristics, group size, network properties, and perceptions of teamwork 
climate and safety climate across the seven acute care clinical work settings. 
Within these work settings, however, was revealed a relationship between 
individual network centrality position of integration and perceptions of teamwork 
climate and less so, of safety climate. Individual level indegree centrality was not 
found to be significantly positively associated with either teamwork climate or 
safety climate. Group network properties of density and average path length did 
not demonstrate significant effect within the dataset. Comments from the survey 
respondents reflected the common theme of communication and interaction with 
other team members and administration as relevant to the individual 
respondents’ qualitative perception of patient safety in their work settings. 
Qualitative interpretation of the network maps for each work setting described 
considerable variation and unique network structures, individually and as groups. 
Overall, these data support the hypothesis that individual position within the 
network (integration), whether it be a certain caregiver type, usual shift worked, 
or years worked in the clinical setting, has a significant influence on the reported 







This chapter provides discussion of the interpretation for each of the two 
study hypotheses, along with additional findings that were independent of the 
hypotheses. The remaining sections cover study limitations, implications for 
practice and future research.  
Summary of Study Findings 
The purpose of this study was to explore the relationship between social 
network properties and perceptions of teamwork and safety climate within acute 
care clinical work settings. Significant positive association between the individual 
network centrality metric of integration and perceptions of teamwork climate were 
demonstrated, and a close to significant positive association between integration 
and perceptions of safety climate was noted. There was no significant finding 
between group network density and either teamwork climate or safety climate. 
Hypothesis One: Social Network Individual Centrality and Group Density 
are Positively Associated with Perceptions of Teamwork Climate in the 
Acute Care Clinical Work Setting 
Hypothesis one was partially supported. This study found that the 
individual centrality metric of integration in the social network of the clinical work 
setting was positively associated with the individual degree of perceived 
teamwork (t ratio = 2.626, p = .009, PRV = 2.9%) when controlling for other Level 




clinical setting. Given the new area of study of social network position within the 
context of the clinical work setting as it connects to safety climate and patient 
safety; the manner in which degree of integration arrays as reflected in its degree 
of skewness, it is possible that increasing even one SD of integration is not 
difficult to achieve. If this is the case, then its relative effect may very well be 
substantive and worth further exploration with a larger number of individuals and 
of groups. 
The individual centrality measure of integration is a type of closeness 
metric that reflects the degree of both inward and outward (bi-directional) 
connections; conveying coordination (Valente, 1998). Integration is not simply a 
measure of popularity, as indegree centrality has been described. Rather, 
integration is the degree to which someone who has a high number of incoming 
connections also has the skill in connecting those to others. It is important to 
keep in mind when interpreting these network metrics that the values are 
specifically representing the response to the question asked within the social 
network survey. In this case, the values reflect responses to the question, “Over 
this past year, who have you reached out to when you had a concern about a 
patient’s safety?” Because the networks represented in this study reflect the 
interaction type of reaching out with concerns about a patient’s safety, the 
resulting scores for each individual likely indicate they are perceived as trusted 
individuals or leaders, or are thought to have power or skill capable of 




perhaps generate that sense of psychological safety for others, a component of 
inherent trust in a team environment, as discussed earlier in this dissertation 
(Lencioni, 2002; Edmondson, 2003). 
Of significance, integration scores reflect a collaborative individual, one 
with coordination capability and skill in working effectively with others. It is not 
surprising to confirm that this attribute of an individual within the social network is 
positively associated with higher perceptions of teamwork climate. It seems clear 
that these individuals create or at least contribute to the teamwork themselves. 
This finding of a positive relationship between degree of integration and 
perceptions of teamwork aligns well with the literature around collaborative 
attributes of effective teams and positive organizational results (Adler et al., 
2011). 
It is also possible that the individuals with higher integration scores 
constitute the formal or informal leaders in the group. The teamwork climate 
results by caregiver type do reflect that administrators and physicians generally 
had higher teamwork climate scores than the nurses and clinical support staff. 
This finding supports earlier results in the literature published by Sexton and 
colleagues (2006) and Anderson (2011). Moreover, the work of Cross and 
Cummings (2004) examined the individual network properties and any 
relationship to performance, and found that individual centrality within the 
network was more positively associated with individual performance ratings by 




the hierarchical structure of a typical communication flow relating to concerns 
about patient safety in many clinical work settings (Rangachari, 2009) and may 
represent the high performers within the group.  
In terms of the additional aspect of the inquiry about the relationship 
between network density which is a group level (Level 2) metric of the network, 
this study did not show a positive association with the perception of teamwork 
climate and therefore did not support the second part of the first hypothesis. 
There may be several reasons this hypothesized relationship was not found. First 
and most importantly, the issue of sample size contributed to the caliber of 
results. With only seven Level 2 groups or clinical work settings available for 
study, limited ability to detect a significant relationship with the Level 2 variables 
was expected. Given this fact, caution must be used in interpreting study results 
related particularly to the Level 2 relationships. Previous discussion provided the 
statistical considerations for desirable sample size of both Level 1 and Level 2 
variables to ensure a high degree of confidence in the validity of findings.  
It is also possible that no relationship exists between the Level 2 network 
variables (density and average path length) and the perceived degree of 
teamwork climate. Since this relationship has not been studied before, there is no 
available evidence to suggest one way or the other. Relevant social network 
literature does, in fact, suggest caution regarding the group level metric of 
density. The reported variation in network density based on group size alone 




(Anderson, Butts, & Carley, 1999). Despite the findings mentioned above, 
Henttonen (2010) examined 32 studies representing laboratory teams, student 
teams, innovation, research and development teams, revealing a positive 
association with the density of the network and the structural characteristics 
associated with team effectiveness. This does point to an opportunity for further 
study, which is discussed later in this chapter. 
Hypothesis Two: Social Network Individual Centrality and Group Density 
are Positively Associated with Perceptions of Safety Climate in the Acute 
Care Clinical Work Setting 
The individual centrality measure of integration also showed a positive 
association with the individual degree of perceived safety climate (t ratio = 1.964; 
p = .050, PRV = 1.7%). This effect size is less than for teamwork climate. Given 
this new area of study and evolving knowledge of the behavior of social network 
metrics in the context of clinical work settings, it is possible to project that 
increasing even one SD of integration and therefore increasing perceptions of 
safety climate to a significant degree is not difficult to achieve. Regardless, this 
relative effect is worth further exploration with a larger number of individuals and 
of groups to validate. In addition to the sample size, another possible contributor 
to this finding is the role that individual plays as the coordinator and integrator. 
When one has a high integration score in this network of study, they hear more 




less safe. This is a common phenomenon described in the patient safety 
literature.  
The group density or average path length did not show a significant 
positive association with the perceptions of safety climate and therefore did not 
support the second part of hypothesis two. As in hypothesis one, this was 
expected given the small number of Level 2 groups in the study population. 
Again, there may be several reasons this hypothesized relationship was not 
found. It is also possible no relationship exists between the Level 2 network 
variables (density and average path length) and the perceived degree of safety 
climate for these particular networks of study.  
Additional Findings 
Though not within the aims of this particular study, there were several 
additional findings worth discussion. As part of the inquiry and analysis related to 
hypothesis one, it was discovered that the covariate of usual shift played a close 
to significant role in individual perceptions of teamwork climate. Specifically, the 
evening shift appeared to be close to significantly positively associated with 
individual teamwork climate domain scores (t ratio = 1.954; p = 0.052). This does 
raise additional questions about the nature of the shift dynamics and 
accompanying inputs that influence the team. As described earlier, the complex 
adaptive system of a clinical work setting continuously influences the sense-
making and resultant attitudes and perceptions of the team. Personal experience 




the hospital setting can relate to the context of the sense of “togetherness” during 
this part of the day. The evening shift was less often interrupted by administrative 
issues or physician rounds. It was also a time when there were fewer ancillary 
resources readily available and so the team depended on each other for 
problem-solving and accomplishing the work. From this perspective, it makes 
sense that those who usually work the evening shift might perceive a higher 
sense of teamwork. Again, this suggestion is based on context and personal 
sense-making, and is not cited in the literature. Thus, it remains another avenue 
for future study. 
Related to hypothesis two, results showed that those who worked in the 
clinical setting for more than 21 years had close to significantly higher individual 
safety climate domain scores (t ratio = 1.96,  p = 0.05, PRV = 3.0%). One 
possible related factor is the point that a sense of familiarity among team 
members makes a difference in team-based work. Dr. Sexton and colleagues 
(2006) cited the observation that far more aviation accidents occur when it is the 
crew’s first time working together in the cockpit. Those that have worked in the 
clinical setting the longest are more familiar with each other and confident in their 
surroundings, perceiving it to be safer because they know who to reach out to, 
where to find the equipment or resources they might need in the event of an 
emergency, as well as having the years of experience to fall back on when the 




It would be useful to learn more related to this phenomenon, however. Of 
specific interest is what the knowledge and attitudes of these veteran care 
providers reveal. It may conversely be possible that those with longevity in a 
particular work setting are less open to learning anything new about the evolving 
science of patient safety as they have become complacent about the day-to-day 
complexity, are less vigilant, and actually more at risk due to their lack of 
perception of the threats to safe care. This particular finding about the 
relationship of individual safety climate to years worked in the clinical setting 
warrants further investigation, and may help validate the business case for 
intentional mentoring support for those newer to the work setting and those that 
have been there the longest.  
Additional group network metrics were tested in this study to consider 
whether they may be a reasonable proxy for group size or network structure 
given the lack of confidence in the stability of the density metric. The average 
path length was one of these tested. Again, there was no finding to suggest a 
significant positive association between average path length and perceptions of 
teamwork climate. However, one intriguing result was found in work setting 5, 
which had the lowest average path length (1.98 APL) and the highest group 
teamwork climate domain score (88.64 ) among the seven work settings. In 
contrast, work setting 2 had the highest average path length (2.85) and the 
lowest group teamwork climate domain score (60.00). It is relatively easy to 




better communication, which results in greater teamwork. Conversely, a longer 
path length for communication interferes with teamwork. Future research that 
involves a larger number of Level 2 groups would be required to validate this 
assumption in these types of settings. That said, the indicated need to actively 
restructure communication flow to reduce time for information dissemination does 
support existing theories about successful diffusion of innovation (Rogers, 1983; 
Ahuja, 2000; Reagans & McEvily, 2003) and about successful change (Rycroft-
Malone et al., 2002). Though not statistically significant, this finding would be 
considered clinically significant and worth exploring further and even acting on 
within the framework of improvement.  
Limitations of the Study 
This study did have limitations to take into consideration. In preparing for 
the pilot study and the primary data collection, the social network survey design 
was informed by experts in the field, in a process distinctly different due to the 
social and anthropological nature of network science. Through group validation 
process of survey items and search for the evidence on social network survey 
design approaches (i.e. alter-centered vs. relationship centered, roster vs. open, 
etc.) a brief, focused roster method was eventually chosen. It is not known how 
different responses might have been with a different social network survey 
design choice or item structure. There are differences in opinion on how best to 
design and deploy social network surveys, with variances dependent on the 




J. Bryan Sexton, PhD, a patient safety expert and survey researcher, 
coaches to achieve a minimum of 60% response rate to reflect the majority of the 
respondents’ voice and successfully ensure the representativeness of results 
(Sexton et al., 2006). The survey modality used for the primary data collection 
was email-based; time required to sit at a computer screen with focused attention 
to complete two different surveys was challenging for respondents, and not all 
had convenient access to a computer. Resources or capacity to carry out the 
highest leverage activities to ensure successful participation was also limited.  
Although a substantial number of individual respondents were included in 
the primary data collection for this study and the response rates ranged between 
45%-85% for both the teamwork climate and safety climate and the social 
network survey components, an even stronger response rate would have 
strengthened the reliability and validity of survey results.  
Typical response bias and recall bias in survey responses could also have 
influenced the results. As one mitigation strategy, the design of the social 
network survey did include the time period reference “Over this past year…” with 
the intent to create a temporal reference point for consideration of the response. 
Despite the survey design process and intent, other types of bias have been 
cited in the social network literature as a result of survey design decisions 
(Thaden & Rotolo, 2009; Dillman, Smyth, & Christian, 2009). Moreover, 
nonresponse errors (bias that results from responders differing in meaningful 




members of a population are under-represented in the sample), or measurement 
error (bias that results from responding to a survey in a perceived socially 
desirable way or when the survey design biases toward a certain type of 
response) are each known to influence the quality of results in survey methods 
(Dillman, Smyth, & Christian, 2009). 
There was also risk in working with secondary data. Errors due to 
transcription, data entry and coding are well known in analytic work; according to 
Borgatti and colleagues (2013), in the context of networks they can be even more 
problematic as they can have larger effects. Depending on the software utilized 
for calculating social network metrics, by deleting one case the software 
misreads the next case and recalculates with the wrong node data. This can 
have cascading implications on the remaining node data and output. Fischer 
(2006) suggests that, in fact, the contested results of the research on the 
shrinking of Americans’ social networks (McPherson, Smith-Lovin, & Brashears, 
2006) may likely be due to such technical or random errors. A known risk 
associated with any decision to use secondary data is the relative lack of 
researcher control over data integrity and validity. 
Variability of group size across the Level 2 clinical work settings was also 
a factor in this study. The literature describes the influence of group network size 
on density (Anderson et al., 1999). In general, the larger the network, the less 
dense it is because as the network size increases, it becomes increasingly 




ties to potential number of ties decreases. Despite this phenomenon, the 
literature is not specific as to the degree of influence and reliability of network 
size on network density.  
Another problematic issue with the variability of the group sizes and the 
small number of groups raises the question of generalizability of these study 
findings. This study only examined seven different clinical work settings within 
five different acute care hospitals that represent two states on the west coast. An 
additional factor to consider is that all hospitals are within the same health care 
system. To gain a broader perspective and contribute to the likelihood of greater 
generalizability and application of these study findings, a much broader scope of 
clinical settings would need to be acquired.  
The issue of group size and density as an impediment to perceptions of 
teamwork climate and safety climate relate to the researcher’s experience. 
Observations across a decade of measuring safety culture have shown that the 
safety culture scores tend to be lower for larger organizations. Conversely, the 
smaller organizations seem to be able to demonstrate higher scores more 
readily. This prompts the question of whether this discrepancy based on size 
may be related to the challenge in reliable connections across boundaries and 
the ability to develop the trust, advice-seeking, and friendship networks that have 




Implications for Future Research 
Despite the limitations described, the unique nature of this study holds 
promise for future discovery work relating network theory to team-based 
development and patient safety in health care. Opportunities for enhancing the 
study design and methods are many. Certainly a larger number of Level 2 groups 
would be helpful to produce more reliable and statistically valid conclusions. 
Future efforts would benefit from a larger sample of the population of care 
settings, as well as greater variation in types of care settings.to support 
generalizability of results.  
The individual social network metrics of centrality that were used in this 
study were relevant and selected appropriately for the topic. As more has been 
learned about the various centrality metrics through this research, an example of 
one additional metric to consider would be eigenvector centrality. Of the many 
indices for centrality, eigenvector weights links between nodes according to their 
centralities therefore is seen as a weighted sum of not only direct connections 
but also indirect connections of every length. This takes into account the entire 
pattern of the network and may shed more light on the interdependency between 
the individuals and the work setting (Bonacich, 2007). The eigenvector centrality 
is also proposed to be the most robust in terms of stability with various sample 
sizes and wide acceptance within the social network field (Costenbader & 




Another suggested modification to the study would be the addition of a 
robust qualitative component to create a true mixed-method design. Given the 
sociological nature of the study, building in a focused interview approach to 
capture the narrative perspective of the individuals within the context of the 
clinical work setting would add richness and value to the study. The qualitative 
element of the individual perspectives on the team dynamics would corroborate 
and enhance the quantitative findings.  
The findings related to the high correlation between the two domains of 
teamwork climate and safety climate poses the question of whether both survey 
domains are necessary in this specific avenue of study. Given the desire for 
parsimony in measurement and analysis, future survey opportunities could 
feasibly include only the single domain on teamwork climate and be just as 
effective in learning about the contribution of network attributes to patient safety. 
This aligns well with the existing literature that supports the essential role of 
teamwork in safety culture and safer care delivery (Baggs et al., 1992, 1999; 
Edmondson, 2003; Pronovost et al., 2003; Langford & Rollins, 2007). The 
focused application of social network analysis to team assessment and 
intervention in the clinical setting could also be a meaningful adjunct to 
evaluation of team training initiatives, in general.   
The key relationship between communication and teamwork is widely 





causes-of-sentinel-events.html). Consequently, this work of affecting positive 
change to social interaction frequency, content, direction, and path length has the 
potential to create the work setting structure of the future. One example of an 
idea that might be tested is the concept of establishing a “buddy system” or “wing 
man” arrangement between those with high degree of centrality and those with 
low degree of centrality. This could serve to enhance the interactions and 
promote the sense of team ness in those that previously were more isolated or 
on the periphery of the group. The type and content of the interactions would 
need to be structured, in this case specifically related to patient safety issues and 
efforts. A simple pre and post analysis of the network structure and the teamwork 
climate domain survey could assess the effectiveness of the intervention. 
The data from this study also do not tell us whether social interactions and 
the resulting perceptions are directly related to actual outcomes. With a larger 
sample of groups, additional outcome variables could include clinical results, 
such as the rate of harm events and complications of care. This would broaden 
the work of Effken and colleagues (2010) in their examination of the nursing 
communications patterns and patient outcomes. Future studies could focus on 
the impact of specific interventions to modify communication network structures 
to change relationships, influence safety attitudes and behaviors, and achieve 
more optimal patient outcomes.  
To broaden the application of social network theory to patient safety even 




such as patient experience, employee engagement, and employee outcomes 
would be of value. This would build on the work of Hofmann and Mark (2006) that 
already describes the relationship between safety climate and patient and 
employee outcomes. Another avenue for broadening the inquiry would be to 
involve different care settings in a similar research approach. Would the same 
findings hold true in non-acute care, ambulatory care, and home care settings? It 
would be very relevant to explore these dynamics across the continuum as our 
health care delivery structures change to meet the demands of health care 
reform that calls for an integrated path of care delivery that serves to effectively 
manage the health of those served in our communities.  
Conclusion 
The purpose of this study was to explore the relationship between social 
network properties and perceptions of teamwork climate and safety climate within 
acute care clinical work settings. Based on the theoretical framework of the 
complex adaptive systems model and the role of social interaction and sense-
making in influencing perception, the hypothesized relationship was a positive 
association between individual network centrality and group density and 
perceptions of both teamwork and safety climate. Despite the small number of 
clinical work settings studied, a significant positive relationship was found 
between an individual’s measured integration within the network and his or her 
perception of teamwork climate. Moreover, there was also a significant positive 




climate. No significant association with group network density or average path 
length was found.  
These results provide new knowledge and further ideas about how social 
interactions within clinical teams can be understood and adapted for greater 
effectiveness. A unique contribution of this study includes the analyses of nested 
data on teamwork climate, safety climate, and social network properties, 
therefore adding to the body of knowledge in several fields, including health care 
quality improvement, patient safety, and social network science. This analysis of 
the social network attributes and properties provided unique insights into the 
interactions between individuals within the acute care clinical work setting. The 
information related to the patterns of interaction within each work setting can help 
determine where there may be gaps in information flow, hidden resources, or 
informal leaders that can facilitate communication in advancing their team goals 
related to patient safety practices and outcomes. Specifically in light of patient 
safety, considering potential team structural changes to enhance network 
positions holds promise for expediting information flow, knowledge transfer, 
learning, and improving safety attitudes that can result in safer behaviors. 
Illuminating team communication patterns can inform strategies to improve 
individual and team connectivity and interaction leading to improved team 
outcomes. Future research on the contribution of social network theory to 
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SOCIAL NETWORK ANALYSIS TALKING POINTS AND FAQ 
Q: What is Social Network Analysis (SNA)? 
A: Social network analysis looks at the structure of social relationships to uncover 
connections between people that represent communication, awareness, trust, and 
decision-making.  
 
Q: Why are we doing this SNA? 
A: This SNA is a pilot project to help understand the team interactions within the critical 
care work setting. The results of the SNA can be used by your team to help identify 
potential gaps in information flow, discover hidden resources, or determine ways you 
can strengthen connections and improve your overall teamwork in your unit. The SNA 
can support your action plans and team activities in response to the employee 
engagement and culture of safety survey results.  
 
Q: How will this SNA survey information be used? 
A:  This SNA is not used for analyses or evaluation of any indivduals. The 
information from the SNA survey will be used to generate aggregate social network 
maps, like the one shown below. In the project below, the staff was asked who they 
worked with to reduce MRSA transmission.  Once this map was created, it helped them 
see where to target efforts to work together to acheive their goal of reducing MRSA.  
 
Q: What happens after we take this SNA survey? 
A:  Once you all complete the survey and we map the results from your work setting, we 
will share them with you.  Together, we will see what opportunites to improve your team 
connections are uncovered, then build an action plan to help achieve your team goals.  
The same type of SNA will be done across many other work settings in Providence, with 
the intent to spread what is learned from your experience to help improve teamwork, 
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